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EXECUTIVE  SUMMARY 


The  objective  of  this  research  was  to  generate  a data  base  for 
munitiono-unique  pollutants  being  discharged  at  load,  assemble,  and 
pack  (LAP)  facilities  and  for  condensate  discharges  at  a 2,4,6- 
trinitrotoluene  (TNT)  production  facility.  These  data  were  used  to 
establish  environmentally  realistic  wastewater  discharge  mixtures  for 
use  in  toxicological  testing  in  aquatic  and  mammalian  species. 

The  major  components  of  LAP  discharges  evaluated  were  TNT  and 
l,3,5-trinitrohexahydro-l,3,5-triazine  (RDX) . A TNT/RDX  ratio  of 
1. 6/1.0  was  established  for  wastewaters  discharged  from  shell  washout 

and  housecleaning  operations.  Since  extensive  photochemical  degrada- 
tion of  TNT  occurs  in  sunlight,  laboratory  methods  were  developed  to 
simulate  sunlight  in  generating  photoirradiated  TNT/RDX  residues  for 
the  toxicological  evaluations. 

In  the  condensate  discharge,  the  following  compounds  were  identi- 
fied and  quantified  over  a 12-month  sampling  period:  N-nitrosomorpho- 
llne;  N-morpholinoacetonitrile;  2,4-dlnltrotoluene;  2,6-dlnltrotoluene; 

1. 3- dinitrobenzene;  3-axnlno-2,4-dinitrotoluene;  3-amino-2 ,6-dinitro- 
toluene;  5-amino-2,4-dinitrotoluene;  3,5-dlnltrotoluene;  3,4-dinitro- 
toluene ; 4-amino-2 , 6-dinitrotoluene ; 1 , 5-dimethyl-2 , 4-dinitrobenzene ; 

2 . 3- dlnltrotoluene ; 2 , 5-dinitrotoluene ; 4-amino- 3 , 5-dinitrotoluene ; 
toluene;  4-nitrotoluene;  2,4-dinitro-5-methylphenol;  2-amino-6-nitro~ 
toluene;  3-amino-4-nitrotoluene ; 2-nitrotoluene ; 2, 3, 6- trinitrotoluene; 
2-amino-4, 6-dinitrotoluene;  5-methyl-2-nitrophenol;  2-amino-4-nitro- 
toluene;  3-methyl-2-nitrophenol;  1,3, 5- trinitrobenzene;  3,5-dinitro- 
anlline;  3-nitrobenzonitrile;  4-nitrobenzonitrile*  2-amino-3,6- 
dlnltrotoluene;  and  2,4,6-trinitrotoluene.  Through  cluster  analysis 
and  90th  percentile  concentration  determinations,  a representative 
discharge  aistributicn  of  condensate  components  was  established. 
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Methods  were  developed  for  the  synthesis  of  those  condensate 
components  that,  could  not  be  obtained  from  commercial  sources.  All 
condensate  components  that  were  to  be  used  in  the  toxicological  evalua- 
tions were  Identified  and  analyzed  for  purity  through  analytical 
characterizations  using  spectrometrlc  and  chromatographic  techniques. 

Hypotheses  about  the  environmental  fates  of  condensate  components 
were  examined.  Volatilization  *md  photolysis  appear  to  play  major 
roles  in  the  transport  and  transformation  of  these  compounds  in  the 
aquatic  environment. 
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1 INTRODUCTION 


The  U. 3.  Army  Medical  Research  and  Development  Command  has  been 
directed  to  evaluate  the  potential  hazard  to  mammalian  and  aquatic 
systems  of  wastewater  discharged  from  TNT  production  and  handling 
facilities.  Of  primary  concern  Is  the  potential  toxicity  of  the 
complex  mixture  that  results  from  the  photodegradation  of  TNT  and  RDX, 
a mixture  commonly  referred  to  as  LAP  (load,  assemble,  and  pack)  waste- 
water.  Also  of  concern  are  the  wastewaters  generated  at  TNT  production 
facilities  known  as  condensate  water. 

Under  contract  with  USAMRLC,  SRI  International  undertook  extensive 
chemical  and  toxicological  studies,  the  respective  objectives  of  which 
were  to  identify  and  quantify  the  chemical  components  of  LAP  water  and 
the  photolytic  changes  they  may  undergo  and  to  evaluate  the  toxicity 
of  TNT  and  those  TNT-containlng  mixtures.  The  goal  was  to  determine 
the  responses  cf  mammals  and  aquatic  organisms  to  long-term  exposure 
to  the  compounds  found  In  the  wastewater  discharges.  This  information 
will  aid  the  Army  to  develop  a data  base  for  recommending  ambient  water 
quality  criteria  and  for  defining  levels  of  treatment  in  its  pollution 
abatement  programs. 

This  report  summarizes  SRI's  chemistry  studies  during  the  period 
1 April  1976  to  1 March  1978 . Experiments  were  conducted  to  identify 
Sh<T  quantify  chemical  components  in  LAP  water  and  in  condensate  water 
effluents  from  Army  munitions  plants,  and  these  components  were  pre- 
pared in  sufficient  quantities  for  the  toxicological  evaluations.  The 
chemical  components  prepared  included  photoirradiated  and  nonphcto- 
lrradlated  TNT/RDX  mixtures  (synthetic  LAP  water)  and  a synthetic 
condensate  mixture  formulated  from  numerous  samplings  of  TNT  production 


wastewater.  The  results  of  the  analytical  chemistry  evaluation  of  the 
condensate  components  used  In  toxicological  evaluations  are  presented. 

This  report  also  assesses  the  roles  of  volatility  and  photolysis 
In  describing  the  environmental  fate  of  condensate  components. 
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2 BACKGROUND  AND  OBJECTIVES 


In  the  production  of  munitions  compounds,  significant  amounts  of 
wastewaters  are  generated  and  eventually  discharged  into  the  environ- 
ment. These  discharges  contain  many  organic  chemicals  for  which 
toxicological  data  are  sparse  or  for  which  environmental  fates  are 
not  known. 

Before  ambient  water  quality  criteria  for  these  discharges  can 
be  established,  the  chemicals  in  the  discharge  must  be  identified  and 
toxicological  data  must  be  obtained  for  each.  However,  when  many 
chemical  components  are  discharged,  the  toxicological  data  often  may 
be  influenced  by  synergistic  or  antagonistic  effects  arising  from 
interactions  between  the  components.  This  can  lead  to  incorrect 
assessments  of  toxicological  hazard. 

A solution  to  this  problem  is  to  conduct  toxicologic  evaluations 
of  representative  mixtures  of  the  chemical  components  in  the  discharges. 
This  approach  is  more  realistic  for  assessing  the  environmental  impact 
of  the  discharge  and  is  significantly  less  costly  than  testing  single 
compounds  if  long-term  toxicological  testing  is  warranted. 

The  objectives  of  the  analytical  chemistry  segment  of  this  study 
were:  (1)  to  establish  TNT/RDX  ratios  representative  of  discharges  at 
LAP  facilities;  (2)  to  investigate  laboratory  methods  to  prepare 
photolrradiated  residues  for  toxicological  evaluation;  (3)  to  identify 
and  establish  representative  distributions  of  organics  in  condensate 
discharges  at  a TNT  production  facility;  (4)  to  procure,  via  synthetic 
routes  or  commercial  sources,  tue  organic  compounds  identified;  and 
(5)  to  supply  analytically  characterized  samples  and  mixtures  for 
toxicological  evaluation.  After  these  objectives  were  met,  the  factors 
affecting  the  environmental  fate  of  condensate  compounds  in  aquat'c 
systems  were  investigated. 
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3 EXPERIMENTAL  APPROACH 


3.1  Sources  and  Analysis  of  LAP  Wastewater  Samples 

3.1.1  Sources 

The  LAP  wastewater  samples  Investigated  in  this  study  were  obtained 
from  Iowa  Army  Ammunition  riant  (IAAP;  Burlington,  Iowa)  and  from  Milan 
Army  Ammunition  Plant  CMAAP;  Milan,  Tennessee).  Several  samples  of 
LAP  discharges  also  investigated  were  from  Louisiana  Army  Ammunition 
Plant  (LAAP;  Mlnden,  Louisiana)  and  from  Lone  Star  Army  Ammunition 
Plant  (LSAAP;  Texarkana,  Texas). 

The  LAP  discharges  were  obtained  from  the  Composition  (Comp)  B lines 
at  IAAP  and  MAAP.  Comp  B is  a mixture  of  TNT  (60Z)  and  RDX  (40Z) . These 
discharges  may  undergo  photolytlc  decomposition  to  create  what  is 
called  "pink  water."  The  principal  chemical  investigations  were  to 
establish  representative  ratios  of  TNT  and  RDX  in  numerous  samples 
taken  over  a 12-month  period  and  to  develop  photolytlc  methods  to 
generate  pink  water.  Both  nonlrradiated  and  Irradiated  LAP  water  were 
submitted  for  toxicological  evaluation. 

The  majority  of  wastewater  samples  were  obtained  on  site  by  U.S. 

Army  Medical  Bioengineering  Research  and  Development  Laboratory  or 
SRI  personnel  and  hand  carried  or  mailed  to  SRI  laboratories  for 
analysis.  In  a few  cases,  sampling  was  performed  by  plant  personnel 
and  samples  were  mailed  to  SRI. 

3.1.2  Analytical  Methods' 

The  determination  of  TNT  and  RDX  in  munitions  wastewaters  was 
performed  by  high-pressure  liquid  chromatography  (hplc)  using  reverse- 
phase  methods.  The  conditions  for  these  analyses  were — 
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• Instrument:  Spectra-Fhyslcs  Model  3500  B Liquid  Chromatograph. 

• Columu:  30  cm  x 1 cm  Cts_y  Bondapak  Reverse-Phase  (Water's 
Aaaoc.) . 

• Solvent:  Methanol/water,  60/40. 

• Flow  rate:  1.6  ml/min. 

• Detection:  uv  at  254  nm. 

• Sensitivity:  0.0025  aufs  (absorbance  units  full  scale). 

• Retention  time:  149  sec  RDX;  209  sec  TNT;  351  sec  benzophenone 
(Internal  standard). 

The  lower  limits  of  detection  were  0.4  ppm  for  RDX  and  0.1  ppm  for  TNT 
at  254  nm.  These  limits  could  be  lowered  by  a factor  of  2 at  210  nm. 

The  latter  wavelengths  were  used  for  very  low  TNT  and  RDX  concentrations. 

Peal:  areas  were  determined  by  digital  integration  usir ; a Spectra- 
Fhysics  Minigrator.  Quantitation  was  achieved  by  the  internal  stan- 
dard method  using  benzophenone  as  the  internal  standard. 

Samples  were  received  by  mail  in  Teflon- lined,  screw-cap  glass 
bottles.  They  were  atored  under  refrigeration  until  the  time  of 
analysis.  The  sample  bottles  were  hea<  ad  ca  a steam  bath  (100°  C) , 
filtered  through  sintered  glass  *ur  isl,  and  analyzed  by  hpic  Many  of 
the  samples  were  also  analyzed  for  nitrite  by  a modified  Grieso 
reagent1  and  for  nitrate  by  ca  snium  column  reduction3  or  by  an  ion- 
specific  electrode.  Cther  par-unuters  that  were  monitored  were  pH, 
determined  with  an  Orion  Model  701  digital  pH  meter,  anu  total  organic 
carbon,  determined  with  a Beckman  Aodsd  91 SA  TOC  analyzer. 

3.1.3  Campling  Data 

Iowa  Army  Ammunition  Plant 

At  IAAP,  pollution  abatement  is  practiced  by  passing  shell 
washout  and  housecleaning  wastewaters  through  diatomaceous  earth  fil- 
ters and  carbon  columns  before  discharge.  Wastewater  samples  were 
collected  at  points  before  the  carbon  column  (Influent)  and  immediately 


after  the  carbon  column  (effluent) . Table*  1 and  2 present  the  analyt- 
ical result*  for  the  influent  samples  and  the  effluent  samples,  respec- 
tively. In  some  cases,  the  aausous  solubility  of  TOT  tnl  RDX  vere 
exceeded.  In  these  cases,  hot  aliquots  from  the  sample  bottles  were 
diluted  prior  to  analysis. 

In  the  influent  samples,  the  TOT  concentration  ranged  from 
50.0  to  259  mg/liter,  with  a mean  of  161.3  rag/llter.  RDX  concentra- 
tions ranged  from  23.8  to  173  ug/llter,  with  a mean  value  of  80.5 
mg/llter.  The  TOT/RDX  ratio  ranged  from  1.27  to  3.82,  with  a mean 
value  of  2.26. 

In  the  effluent  samples,  the  TOT  concentration  ranged  from 
less  than  0.05  to  24.3  mg/liter,  with  a mean  value  of  1.32  mg/llter. 

RDX  concentrations  ranged  from  lest  than  0.1  to  24.2  mg/llter,  with  a 
mean  of  1.53  mg/llter.  The  TNT /RDX  ratios  for  effluents  were  derived 
from  samples  that  had  non-xero  denominators.  The  mathematically 
definable  ratios  ranged  from  0 to  2.00  and  had  a taean  value  of  0.51 

Milan  Army  Amaunition  Plant 

At  MAAP,  munition-containing  wastewater  is  directed  to 
sumps  whers  the  lnsolub.es  settle,  and  it  overflows  into  a small  stream 
leaving  the  plant  area.  Semples  vere  taken  at  the  sumps  of  Area  D and 
at  a email  bridge  crossing  the  road  entrance  to  Area  D.  Table  3 
presents  the  sampling  data. 

From  30  samples,  the  TOT  concentrations  ranged  from  less 
than  0.05  to  210  mg/liter,  with  a mean  value  of  20.0  mg/llter.  In 
those  samples,  RDX  concentrations  ranged  from  0.1  to  109  mg/liter,  with 
a mean  value  of  11.9  mg/llter.  The  TOT/RDX  ratios  varied  from  0 to 
2.38,  with  e mean  value  of  1.02  for  surp  effluents. 
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Tabl*  1 

COMBINED  INFLUENT  DATA  FOR  IAAP 
(Milligrams  per  Liter) 

Date  TNT/ 


(1976) 

Description 

TNT 

RDX 

RDX 

NO,- 

NO,- 

pH 

TOC 

2/23 

Precolunm, 

Line 

2 

117 

* 

— 

— 

— 

7.92 

— 

2/23 

Prs column, 

Line 

3A 

87 

36 

2.42 

— 

— 

7.85 

— 

2/23 

Pre column, 

Line 

1 

52 

* 

— 

— 

— 

8.11 

— 

3/29 

Precolumn, 

Line 

3A 

119 

39,6 

3.01 

— 

— 

7.62 

— 

4/27 

Pre column. 

Line 

3A 

129 

41 

3.14 

5.1 

3.3 

7.27 

— 

5/24 

Precolumn, 

Line 

3A 

219 

98.3 

2.22 

5.8 

2.6 

7.26 

— 

6/24 

Precolunm, 

Line 

3A 

184 

62 

2.99 

0.6 

14.9 

7.58 

— 

8/5 

Pre column, 

Line 

3A 

150 

62,7 

2.39 

0.8 

25.8 

8.53 

78 

8/9 

Prec-lumn, 

Line 

3A 

91 

23,8 

3.82 

1.2 

31.5 

7.82 

63 

8/9 

Precolunm, 

Line 

3A 

190 

50 

3.80 

2.9 

48.6 

8.11 

103 

8/16 

Precolumn, 

Line 

3A 

208 

95.4 

2.18 

0.87 

26.0 

7.73 

107 

8/16 

Precolumn, 

Line 

3A 

206 

133 

1.55 

2.0 

27.1 

7.68 

107 

8/19 

Precolunm, 

Line 

3A 

230 

149 

1.54 

0.87 

36 

7.79 

138 

8/18 

Precolunm, 

Line 

3A 

124 

55.1 

2.25 

0.57 

26.1 

7.93 

60 

8/20 

Precolumn, 

Line 

3A 

50 

35,1 

1.42 

0.29 

34 

8.00 

37.5 

8/23 

Precolunm, 

Line 

3A 

103 

60.8 

1.69 

0.95 

39 

7.83 

67.5 

8/25 

Precolumn, 

Line 

3A 

245 

112 

2.19 

0.89 

31 

7,80 

116 

8/27 

Precolumn, 

Line 

3A 

259 

139 

1.86 

2.3 

16 

7.15 

99 

8/30 

Precolunm, 

Line 

3A 

220 

173 

1.27 

1.9 

17.5 

7.60 

106 

9/1 

Prec  lumn. 

Line 

3A 

217 

154 

1.41 

2.2 

16,0 

8.15 

106 

8/27 

Precolunm, 

Line 

3A 

208 

89 

2.34 

2.0 

35.5 

7.98 

106 

8/27 

Holding  Tank 

203 

81 

2.51 

2.0 

24.0 

t ,04 

108 

9/3 

Line  31,  Column 

21 

55.4 

30.9 

1.79 

0.23 

10.0 

8 9 

43 

9/7 

Line  31,  Column 

21 

123 

87.6 

1.40 

0.55 

/■> 

/.  '4 

87.6 

* Lass  ther  0.1  mg/liter. 
-"Not  determined. 
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Table  2 

COMBINED  EFFLUENT  DATA  FOA  IAAP 


(Milligrams  psr  Liter) 


Date 

(1976) 

Description 

TNT 

RDX 

TNT/ 

RDX 

NO,- 

NO.- 

pH 

TOC 

2/26 

Carbon  column, 

Line  2-14 

10 

* 

8.36 

t m 

2/26 

Carbon  column. 

Line  3A-19 

24.3 

24.2 

1.00 

__ 

—4. 

7.55 

mmmm 

2/26 

Carbon  column. 

Line  1-5 

** 

* 

7.85 

— 

3/29 

Carbon  column 

0.1 

* 

— 

— 

— 

7.40 

— 

4/26 

Carbon  column, 

Line  3A 

0.3 

* 

1.8 

9.5 

7.32 

5/25 

Carbon  column. 

Line  3A 

0.5 

1.1 

0.45 

3.6 

5.4 

7,36 

6/25 

Carbon  column, 

Line  3A 

0.3 

* 

9,2 

3.1 

7.07 

8/5 

Carbon  co linen. 

Line  3A 

A* 

* 

2.06 

23 

8.87 

<1 

8/9 

Carbon  column. 

Line  3A 

** 

* 

. 

1.6 

17.7 

8.36 

<1 

8/9 

Carbon  column. 

Line  3A 

** 

* 



2.0 

25 

8.54 

<1 

8/12 

Carbcn  column. 

Line  3A 

0.85 

* 

2.3 

22.2 

8.05 

4 

8/16 

Carbon  column. 

Line  3A 

0.23 

1.1 

0.21 

1.4 

25.5 

7.64 

4 

8/16 

Carbon  column, 

Line  3A 

0.93 

1.3 

0.71 

1.1 

24.2 

7.31 

4.5 

8/19 

Carbon  column. 

Line  3A 

0,3 

2.2 

0.14 

0.89 

22.0 

7.80 

2 

8/18 

Carbon  column, 

Line  3n 

0.15 

0.9 

0.17 

0.92 

5.4 

8.12 

<1 

8/20 

Carbon  column, 

Line  3A 

0.3 

0.6 

0.50 

<0.01 

10.0 

7.68 

3 

8/23 

Carbon  column. 

Line  3A 

** 

0.5 

_ _n_ 

2.8 

9.0 

7.96 

7.5 

8/25 

Carbon  column, 

Line  3A 

** 

* 

1.7 

19.0 

7.97 

8.0 

8/27 

Carbon  column, 

Line  3A 

0.45 

* 

2.5 

8.4 

7.48 

9 

8/30 

Carbon  column. 

Line  3A 

** 

1.6 

3.4 

10.7 

7.93 

7 

9/1 

Carbon  column, 

Line  3A 

0.15 

* 

4.1 

20 

8.22 

9 

9/7 

Carbon  column, 

Line  3A 

** 

* 

1.7 

4.0 

8.00 

7 

9/3 

Carbon  column, 

Line  3A 

6.2 

0.1 

2.00 

0.25 

6.0 

8.11 

4 

*Less  than  0.1  mg/liter. 
**Lass  than  0.05  ag/ liter. 
— Not  determined. 
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Table  3 

COMBINED  SAMPLING  DATA  FOR  MAAP 
(Milligram  par  Liter) 


Date  Location/  TNT/ 


(1976) 

Description 

TNT 

RDX 

RDX 

NO,- 

NO,- 

pH 

TOC 

2/25 

Presume,  Lina  D41 

80.5 

28 

2.88 

_ _ 

6.39 

__ 

2/25 

After  suap,  Line  D41 

70.6 

38 

1.86 

— 

— 

6.52 

— 

2/25 

Plant  D discharge 

27.4 

19 

1.44 

— 

— 

7.02 

— 

2/25 

Plant  X discharge 

1.1 

5 

0.22 

— 

— 

6.75 

— 

4/26 

Plant  X discharge 

0.1 

* 

— 

0.1 

4.2 

5.82 

— 

4/26 

Plant  D discharge 

0.7 

2.0 

0.35 

0.7 

5.2 

5.00 

— 

6/24 

Plant  X Bldg.  41 

25.5 

15.4 

1.66 

0.05 

8.8 

6.31 

— 

6/24 

Plant  D,  suap 

2.4 

3.2 

0.75 

C.05 

13.3 

6.13 

— 

7/26 

X-41-Cleaning 

210 

109 

1.93 

0.2 

130 

6.90 

122 

7/26 

X-41-Conp  B 

1.7 

1.3 

1.31 

** 

5.7 

6.19 

< ) 

7/26 

X-41-Washlngs 

117 

48.2 

2.43 

** 

680 

6.25 

71 

7/26 

X-41-Kettle  cleanup 

5.6 

9.6 

6.58 

** 

4.6 

6.95 

1 

7/28 

X-41- Comp  B 

*** 

1.4 

— 

** 

6.1 

6.40 

< 1 

7/30 

X-4 1-Coop  B 0900 

6.3 

3.6 

1.75 

** 

6.8 

5.90 

3 

7/30 

X-41-Coap  E 1000 

4.1 

5.2 

0.79 

** 

6.2 

6.12 

1 

7/30 

X-4 1-Comp  B 1100 

*** 

0.5 

— 

0.04 

6.4 

6.17 

< 1 

8/2 

X-4 1-Coop  B 0900 

4.6 

4.7 

0.98 

ft* 

7.4 

6.90 

3 

8/2 

X-41-Ccmp  B 1000 

*** 

1.6 

— 

0.06 

7.0 

7.28 

< 1 

8/5 

X-41-Costn  B 1000 

0.8 

0.7 

1.14 

** 

6.1 

6.19 

< 1 

8/26 

Line  X effluent 

5.7 

4.2 

1.36 

** 

9.0 

6.90 

3.5 

8/26 

Line  D effluent 

2.3 

5.6 

0.41 

ft* 

9.4 

7.53 

3.0 

9/13 

X-41  affluent 

5.3 

6.1 

0.87 

** 

4.2 

6.20 

4.5 

9/14 

X-41  effluent 

5.3 

3.8 

1.39 

** 

8.2 

6.87 

3 

9/15 

X-41  effluent 

6.7 

8.7 

0.77 

** 

10.2 

6.51 

6 

9/16 

X-41  effluent 

6.3 

7.5 

0.84 

** 

10.0 

6.03 

6 

9/17 

X-41  effluent 

6.8 

5.8 

1.17 

ft* 

7.9 

6.52 

3 

8/20 

X-41  effluent 

4.4 

:,4 

1.29 

0.02 

10 

7.50 

7 

8/23 

X-41  effluent 

1.6 

2.6 

0.62 

0.04 

8.6 

7.31 

6.5 

8/24 

X-41  effluent 

3.8 

3.7 

1.03 

0.06 

8.6 

7.41 

6.5 

8/25 

X-41  effluent 

5.4 

4.1 

1.32 

** 

9.6 

7.26 

4.5 

*Laaa  than  0.1  ag/liter. 
**Lesa  than  0.02  ag/liter. 
****Less  than  0.03  ag/liter. 
— Not  determined. 
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Louisiana  Army  Ammunition  Plant 


LAAP  directs  its  wastewaters  to  sumps.  During  the 
sampling  period,  the  sump  effluents  wer  trucked  from  the  sumps  to 
lagoons.  Photolytic  decomposition  of  TNT  and  RDX  occurs  in  the 
lagoons,  and  the  environment  may  become  contaminated  during  extremely 
heavy  rains  when  the  lagoons  overflow.  Table  4 presents  the  data  on 
the  four  samples  obtained  at  LAAP  from  sump  and  lagoon  locations. 

In  the  samples,  the  mean  TNT/RDX  ratio  was  1.83,  whereas 
the  lagoon  samples  had  a mean  ratio  of  0.39.  This  indicates  that 
TNT  has  a greater  photolytic  reactivity  than  RDX  and  that  the  TNT/RDX 
ratio  is  dynamic. 


Lone  Star  Army  Ammunition  Plant 

LSAaP  handles  its  wastewaters  similarly  to  LAAP,  using 
sumps  and  lagoons.  Table  5 presents  the  data  on  the  several  samples 
taken  from  the  lagoons  and  from  areas  around  the  lagoons.  (LSAAP  was 
not  operating  during  the  sampling  period,  so  these  data  were  not 
included  in  the  formulation  of  TNT/RDX  ratios.) 

3.2  Establishment  of  a TNT/RDX  Ratio 

As  TNT  and  RDX  are  discharged  into  the  environment,  the  ratio  of 
the  two  components  becomes  highly  dynamic,  principally  because  of  the 
high  photochemical  reactivity  of  TNT.  Therefore,  such  factors  as  the 
time  of  day  or  year  and  intensity  of  sunlight  influence  the  ratio 
greatly. 

For  Initiation  of  the  toxicological  evaluations,  a ratio  was 
selected  that  would  represent  the  worst  condition — nc  pollution  abate- 
ment before  wastewater  dischargL. . This  condition  is  represented  by 
IAAP  influent,  MAAP  sump  effluent,  and  LAAP  sump  effluent  data. 
Averaging  of  these  data  resulted  in  the  establishment  of  a 
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Table  4 

COMBINED  SAMPLING  DATA  FOR  LAAP 
(Milligrams  per  Liter) 

Date  TNT/ 


(1976) 

Location 

TNT 

RTX 

RDX 

NOj- 

N0S- 

pH 

TOC 

2/26 

Ditch  runoff  from 

Red  Water  Lagoon 

* 

"tit 

„ 

7.51 

2/26 

Lagoon  - red  water 

26 

35 

0.74 

— 

— 

8.18 

— 

2/26 

Sump  - melt  and 
pour  facility 

78 

34 

2.29 



— 

7.82 

— 

o 

C\’ 

CVJ 

Road  ditch  near  melt 
and  pour  facility 

1 

6 

0.17 

— 

— 

8.78 

— 

5/24 

Active  pit 

30 

102 

0.29 

25.3 

7.8 

7.81 

" 

5/24 

S-Line 

201 

113 

1.78 

19.3 

150 

7.54 

— 

5/24 

Healthy  pit 

l.i 

2.8 

0.39 

0.5 

15.4 

7.85 

— 

6/24 

Active  pit 

43  9 

85.5 

0.51 

0.7 

110 

8.25 

— 

6/24 

Sump  Line  S 

275 

189 

1.46 

12.2 

221 

7.94 

“ 

8/26 

Pond  S - no  rain 

r.7 

82 

0.03 

6.9 

56 

8.35 

135 

8/26 

Line  5 sump 

12  J 

68 

1.80 

102 

39 

7.75 

77 

*Less 
**Less 
—Not  i 

than  0.05  mg/liter, 
than  0.1  mg/liter, 
determined. 

Date 

(1976) 

Table  5 

COMBINED  SAMPLING  DATA  FOR  LSAAP 

(Milligrams  per  Liter) 

TNT/ 

Location  TNT  RDX  RDX  N0a- 

NOs- 

_£H_ 

TOC 

2/25 

Sump  effluent,  Area  0 116 

82 

1.41 

— 

— 

7.46 

— 

2/25 

Settling  pond.  Area  0 1.4 

16 

0.09 

— 

— 

7.24 

— 

2/25 

Surface  drainage  at 

6th  St.  * ** 

5 

.... 

__ 

6.78 

— 

2/25 

Second  settling  pond  0.1 

13 

0.01 

— 

— 

6.10 

— 

4/28 

Settling  pond,  Area  0 5.1 

10.3 

0.49 

3.2 

25 

7.13 

— 

4/28 

6th  St.  discharge  * 

** 

— 

0.1 

3.8 

6.60 

— 

*Lg88  than  0.05  mg /liter. 

**Les8  than  0.1  mg/litar. 
— Not  determined. 
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representative  TNT/RDX  ratio.  From  the  data  points  in  Table  6,  a mean 
ratio  value  was  determined  to  be  1.62  with  a standard  deviation  of 
0.90.  The  coefficient  of  variation  for  the  ratio  was  0.55. 

3.3  Analysis  of  TNT/RDX  Mixtures  in  Feed  for  Toxicological  Evaluation 

To  assure  for  the  toxicity  evaluations  that  animal  diet  prepara- 
tions were  mixed  correctly  and  that  TNT/RDX  concentrations  were  admin- 
istered at  the  correct  dosing  levels,  analytical  methods  were  developed 
to  determine  TNT  and  RDX  in  animal  feeds.  The  procedure  established 
was  found  to  work  satisfactorily. 

To  10  g of  feed  containing  TNT  and  RDX  was  added  50  ml  of  dichloro- 
methane,  and  the  suspension  was  stirred  for  30  min  with  a magnetic 
stir-bar.  The  suspension  was  filtered  through  a pad  of  Celite,  and  the 
filtrate  was  passed  through  a 2-inch  column  of  Florisil  that  had  been 
deactivated  with  5%  water.  (The  Florisil  must  be  deactivated  with 
water  before  the  complete  recovery  of  RDX  can  be  attained.)  The 
column  was  washed  with  100  ml  of  dichloromethane,  and  the  extracts 
were  rotary  evaporated  to  dryness.  The  residue  was  taken  up  in  ethyl 
acetate  and  quantified  by  reverse-phase  hplc  as  described  in  Section 
3.1.2.  The  recovery  of  both  compounds  was  99Z. 

For  determination  of  the  stability  of  TNT  and  RDX  in  feed,  stock 
feed  diets  were  analyzed  weekly  for  4 weeks.  At  the  end  of  that  period, 
a greater  than  95%  recovery  of  both  TNT  and  RDX  was  achieved. 


Table  6 


DATA  POINTS  USED  TO  ESTABLISH  A REPRESENTATIVE 
TNT/RDX  RATIO 


Date 


(1976) 

AAP 

TNT/RD)! 

8/5 

IAAP  col.  infl. 

2.39 

8/9 

I AAP  col.  infl. 

3.82 

8/12 

IAAP  Col.  Infl. 

3.04 

8/16 

IAAP  col.  Infl. 

2.18 

8/16 

IAAP  col.  xnfl. 

1.55 

8/19 

IAAP  col.  infl. 

1.54 

8/18 

IAAP  col.  infl. 

2.25 

8/20 

IAAP  ccl.  infl. 

1.42 

8/23 

IAAP  col.  infl. 

1.69 

8/25 

IAAP  col.  infl. 

2.19 

8/27 

IAAP  col.  infl. 

1.86 

8/30 

IAAP  col.  infl. 

1.27 

9/1 

IAAP  col.  infl. 

1.41 

8/27 

IAAP  col.  infl. 

1.79 

9/3 

IAAP  col.  infl. 

1.40 

2/23 

IAAP  col.  infl. 

2.42 

6/24 

IAAP  col.  infl. 

2.99 

4/27 

IAAP  col.  infl. 

3.14 

5/24 

IAAP  col.  infl. 

2.23 

3/29 

IAAP  col.  infl. 

3.00 

2/23 

IAAP  col.  infl. 

2.34 

7/26 

MAAP  sump  effl. 

1.93 

7/26 

MAAP  sump  effl. 

1.31 

7/26 

MAAP  sump  effl. 

2.43 

7/26 

MAAP  sump  effl. 

0.58 

7/28 

MAAP  sump  effl. 

0 

7/30 

MAAP  sump  effl. 

1.75 

7/30 

MAAP  sump  effl. 

0.79 

8/2 

MAAP  sump  effl. 

0.98 

8/5 

MAAP  sump  effl. 

1.14 

<V15 

MAAP  sump  effl. 

0.77 

9/16 

KaAP  sump  effl. 

0.84 

9/17 

MAAP  sump  effl. 

1.17 

9/13 

MAAP  sump  effl. 

0.87 

9/14 

MAAP  sump  effl. 

i 

8/26 

MAAP  sump  effl. 

1. 

8/26 

MAAT  sump  effl. 

0.4i 

6/24 

MAAP  sump  effl. 

1.66 

2/25 

MAAP  sump  effl. 

1.86 

8/20 

MAAP  sump  effl. 

1.29 

8/23 

MAAP  sump  effl. 

0.62 

8/24 

MAAP  sump  effl. 

1.03 

8/25 

MAAP  sump  effl. 

1.32 

2/26 

LAAP  sump 

2.29 

5/24 

LAAP  sump 

1.78 

6/24 

LAAP  sump 

1.46 

8/26 

LAAP  sump 

1.80 

mean  X - 1.62;  SD  a - 0.90;  Coeff.  Ver.  a/X  - 0.55. 
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3.4  Preparation  of  Photolyzed  TNT/RDX  Residues 

LAP  wastewater  photodegradeo  in  sunlight  producing — and  introduc- 
ing into  the  environment — a complex  mixture  of  components.  Evaluation 
of  the  toxicological  properties  of  this  mixture  required  the  development 
cf  laboratory  methods  that  approximate  sunlight  conditions  to  produce 
photoirradiated  residues  and  to  assess  the  effects  of  photoirradl ’'.ion 
as  a function  of  time. 

3.4.1  Analytical  Methods  and  Sample  Profiling 

TNT  and  RDX  concentrations  were  determined  by  reverse-phase  hplc 
as  described  in  Section  3.1.2.  To  profile  the  photolysis  products, 
the  photolyzed  solutions  were  acidified  to  pH  1 and  extracted  twice 
with  diethyl  ether.  The  ether  extracts  were  combined,  dried  over 
anhydrous  sodium  sulfate,  and  concentrated  by  rotary  evaporation.  The 
extracts  were  then  chromatographed  under  the  following  conditions: 

• Instrument:  Spectra-Physics  Model  3500B  Liquid  Chromatograph. 
Column:  1/4  inch  x 30  cm  p-Porasil  (Waters  Assoc.). 

• Solvent:  (A)  Hexane;  (B)  CHa Cl a/CHsOH/ isopropyl  alcohol 
(79/15/6,  by  volume). 

• Gradient:  5%  (R)  in  (A)  4-min  delay;  program  to  94%  (B)  in  (A) 
in  76-min  sweep  time  using  a linear  gradient  program. 

• Flow  rate:  1.2  ml/min. 

• Detector:  uv  at  254  nm. 

To  prevent  the  chromatographic  trace  from  off scale  deflection  due 
to  the  change  in  solvent  gradient,  a duplicate  column  was  placed 
parallel  with  the  working  column.  The  solvent  line  was  split  before 
the  injector  to  run  solvent  to  the  duplicate  column  and  through  the 
reference  cell  of  the  detector.  By  this  technique,  baseline  drift  was 
kept  to  a minimum. 

3.4.2  Photolytlc  Methods 

A flow-through  photolytic  reactor  was  designed  to  prepare  TNT/RDX 
photoirradiated  residues  for  toxicological  evaluation.  Figure  1 is  a 
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FIGURE  1 DIAGRAM  OF  FLOW-THROUGH  PHOTOLYTIC  REACTOR 


diagram  of  the  reactor  syetem.  The  reactor  Is  a quartz  Immersion  well 
reactor  containing  a Pyrex  glass  coll  around  the  lamp  well.  Pyrex  Is 
used  to  filter  out  wavelengths  below  294  nm  and  pass  wavelengths  above 
294  nm,  which  approximate  sunlight.  The  light  source  is  a Hanovla 
1200-watt,  medium-pressure  mercury  lamp  operating  at  310  volts.  The 
lamp  is  cooled  by  pressurized  airflow,  and  the  reactor  and  Pyrex  co*ls 
are  cooled  by  tap  water  entering  at  22°  C and  exiting  at  28°  C,  at  a 
flow  rate  of  6 liters/min. 

TNT/RDX  solutions  are  pumped  at  controlled  flow  rates  using  a 
Masterflex  pump,  and  Viton  tubing  is  used  throughout  because  of  its 
low  absorptive  properties.  The  solution  Is  introduced  at  the  top  of 
the  reactor  to  sweep  precipitate  materials  from  the  Pyrex  surfaces. 

For  the  large-scale  production  of  photolyzed  materials,  four 
reactors  were  placed  in  a series,  and  solution  flow  rates  were  increased 
by  a factor  of  4.  Cooling  water  was  introduced  into  each  reactor 
individually.  To  conserve  water,  we  used  a 10-gallon  water  chiller 
equipped  with  a 1-ton  condenser  unit,  and  water  was  recycled  via  sub- 
mersible pumps.  This  unit  was  suitable  for  cooling  two  reactor  units, 
and  ths  remaining  two  reactor  units  were  cooled  by  tap  water. 

3.4.3  Laboratory  and  Sunlight  Photolysis 

For  comparative  studies  in  natural  sunlight,  TNT/RDX  solutions 
were  placed  on  a rooftop  in  a glass  crystallizing  dish  (90  x 100  mm) 
covered  on  all  sides  so  that  light  could  enter  the  solution  only  through 
the  surface.  The  solution  was  stirred  with  a magnetic  stir  bar.  These 
experiments  were  performed  on  warm  summer  days  in  June  and  July  at 
SRl's  headquarters  in  Menlo  Park,  California. 

The  rooftop  studies  were  performed  to  generate  chromatographic 
profiles  that  could  then  be  compared  with  chromatographic  profiles 
generated  by  the  laboratory  reactor  system.  These  rooftop  studies 
showed  that  TNT  photodecomposition  followed  zero-order  kinetics  and 
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was  independent  of  RDX.  However,  the  rate  of  photodecomposition  of  RDX 
was  highly  dependent  on  the  presence  of  TNT.  Figure  2 illustrates  the 
changes  in  concentration  of  TNT  and  RDX  as  a mixture  and  alone  with 
exposure  to  sunlight.  RDX  photodegraded  approximately  five  times  faster 
in  the  absence  of  TNT.  Possible  explanations  for  this  are  that,  in  the 
TNT /RDX  mixture,  RDX  cannot  compete  successfully  for  the  light  or  that 
photolytlcally  excited  states  of  RDX  are  quenched  by  TNT  and  its 
photoprodu/*.ts. 

As  sfco**n  in  Figure  3,  the  photodegradations  of  TNT  and  RDX  in  the 
laboratory  flow-through  reactor  depended  on  flow  rate  (residence  time) 
and  Increased  rapidly  at  low  flow  rates  (100  to  10  ml/mln) . The 
relative  degradation  rates  of  TNT  and  RDX  approximated  those  of  the 
components  alone  in  sunlight. 

To  assure  that  the  mercury  lamp  photolysis  was  yielding  a similar 
distribution  o'  "NT/RDX  photoproducts  as  sunlight,  chromatographic 
profiles  of  t op  and  laboratory  photolysis  for  similar  levels  of 
TNT  photodegrad  'on  were  compared  using  normal  phase  hplc  (Section 
3.4.1).  Figure  4 presents  the  chromatographic  profiles  for  the  mercury 
lamp  and  sunlight  pv^ to lyses  at  99Z  TNT  photodegradation.  This  end 
point  was  selected  ~>s  a "best-case"  condition  based  on  previous  toxi- 
cological data*  l showed  acute  toxicity  (to  both  mammals  and  fish) 
decreased  as  a function  of  photolysis.  The  profiles  match  closely, 
indicating  that  light  from  the  mercury  lamp  filtered  through  Pyrex  is  a 
reasonable  approximation  of  photolysis  by  sunlight  for  TNT/RDX  mixtures. 
Components  in  the  profile  were  tentatively  identified  (see  Figure  4)  by 
comparison  of  their  retention  times  with  those  of  known  standards. 

3.4.4  Establishment  of  a Photoirradiation  End  Point 

Once  the  artificial  light  source  and  flow  through  reactor  system 
had  been  developed,  the  next  task  was  to  determine  a flow  rate  through 
the  reactor  that  defined  the  TNT  and  RDX  concentrations  at  a selected 
end  point.  This  would  yield  a chemical  end  point  that  could  be 
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CONCENTRATION 


FIGURE  2 DECOMPOSITION  OF  TNT  AND  RDX  (ALONE  AND  MIXED)  IN  SUNLIGHT 
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FIGURE  4 COMPARATIVE  HPLC  PROFILE  OF  THE  PHOTOLYSIS  OF  TNT/ROX 

MIXTURE  UNDER  NATURAL  SUNLIGHT  (ROOF  IV)  AND  LABORATORY 
(Hv  LAMP)  CONDITIONS 


20 


reproduced  should  any  variations  In  flow  rata  or  In  light  Intensity 
In  the  reactor  Imp  occur. 

The  selection  of  the  end  point  was  based  on  the  response  of 
the  water  flea  {Daphnia  magna)  to  flow  rats  through  the  reactor 
(photolytlc  degradation)  In  "flow-versua-toxlcity"  studies.4  An  end 
point  was  defined  as  tho  flow  rate  at  which  a stable  toxicological 
response  was  obtained.  Table  7 lists  the  TNT  and  RDX  concentrations 
for  different  flow  rates  and  the  48-hour  EC50  values  for  Daphnia  magna 
at  each  flow  rate.  From  these  data,  photoirradiation  end  points  were 
selected  to  be  at  TNT  concentration  levels  of  0.1  ng/llter  (±  1001)  and 
at  RDX  concentrations  of  2.3  mg/llter  (±  100Z). 

Table  7 


ACUTE  TOXICITY  TO  DAPHNIA  MAGNA  OF  SYNTHETIC  LAP 
WASTEWATER  PHOTOIRRADIATED  AT  DIFFERENT  FLOW  RATES 


Flow 
(ml /min) 

TNT 

(mg/llter) 

RDX 

(ng/llter) 

EC50 

(mg/llter) 

99 

1.27 

12.9 

15.0 

73 

0.45 

10.5 

22.6 

53 

0 

9.3 

27.1 

34 

■ 

6.5 

>28.2 

18 

l 

2.3 

>28.2 

10 

0.0. 

0.07 

>28.2 

5.4 

0.01 

0.003 

>28.2 

0 

32.0 

20.2 

i 

? 
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3.4.5  Preparation  of  Photoirradlatad  Materials  for  Toxicological 
Evaluations 

With  tha  chaaical  and  point  defined,  tha  following  procadura  was 
usad  to  prepara  photoirradiated  materials  for  tha  aaaaalian  toxicolog- 
ical avslustlons: 

Solutions  of  TNT  and  RDX  wars  prepared  individually  in  55-gallon 
drums  with  polyethylene  liners,  and  their  raapactlva  concentrations 
were  monitored  by  hplc.  Than  'he  solutions  ware  combined  to  give  a 
TNT /RDX  ratio  of  1. 6/1.0  in  another  55-gallon  drum.  TNT  concentrations 
averaged  32  ppm,  and  RDX  concentrations  averaged  20  ppm.  Tha  combined 
solution  was  pumped  through  the  four-unit  photolytlc  reactor  system  at 
60  to  100  ml/mln.  The  photolysate  was  collected  in  a 55-gallon  drum 
and  acidified  to  pH  1.5;  3-llter  portions  were  extracted  with  1-liter 
portions  of  diethyl  ether.  The  ether  extracts  were  combined  and  rotary 
evaporated  for  removal  of  the  majority  of  the  ether.  The  remaining 
extract  was  froxen  in  dry  lce/acetone  and  lyophllized  to  a brown 
residue.  This  residue  contained  10X  RDX  and  0.32X  TNT. 

For  aquatic  toxicological  evaluations,  the  photolysate  was  used 
directly  as  an  aqueous  solution'  from-  the  reactors. 

V 

When  this  reactor  system  is  used  with  chemical  photolysis  end 
points  of  0.1  ppm  TNT  t 100X  and  2.3  ppm  RDX  * 1C0X,  approximately  4 
hours  of  irradiation  time  is  necessary  to  "roduce  1 g of  material. 

3.5  Identification  and  sampling  of  Condensate  Wastewater  Opponents 

3.5.1  Source 

This  study  entailed  the  enabling  and  analysis  of  wastewaters 
generated  during  the  production  and  purification  of  TOY  at  Volunteer 
Army  Ammunition  Plant  (VAAP)  in  Chattanooga,  Tennessee.  All  wastewaters 
produced  at  VAAP  are  concentrated  by  evaporation.  The  condensate  of 
the  evaporative  process  is  discharged  from  the  munition  facility  without 
the  application  of  further  pollution  abatement  procedures  except  for  pH 
control  and  dilution  from  other  Industrial  excretions. 
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The  •valuation  of  this  wastewater,  callad  "condansata  vastavatar , " 
encompassed  th*  identification  of  component*  in  th«  discharge,  quanti- 
fication of  tha  ldantlflad  components,  and  development  of  a rapraaan- 
tatlva  ratio  of  discharged  components  baa ad  on  sampling  etudiaa  ovar 
a 12-month  period.  Alao  incorporated  into  thin  a asp ling  program  were 
aaapllng  date  taken  concurrently  by  tha  Naval  Surface  Uaapona  Center 
(NSUC)  under  the  direction  of  Dr.  N.  E.  Burllnaon. 

3.5.2  Analytical  Method* 

Tha  analyala  of  condenaete  wastewater  samples  vaa  performed  by 
gaa  chromatography  (gc).  In  the  early  atagea  of  the  sampling  program, 
only  major  coaponenta  were  Identified  and  quantified  in  the  chromato- 
graphic profile.  Aa  the  identification*  of  minor  component*  were 
confirmed  (through  laboratory  ayntheala  of  authentic  compound*), 
quantitative  data  for  theee  coaponenta  were  alao  generated.  In  the 
final  atagea  of  the  ■ amp ling  program,  glaea  capillary  gc  waa  uaed  to 
reaolve  the  complexity  of  condenaete  mixture*,  aa  deacrlbed  in  the 
appendix. 

Condeneate  aaaplea  were  analysed  for  pH,  nitrite,  nitrate,  and 
total  organic  carbon  according  to  the  method*  deacrlbed  in  Section 
3.1.2. 


Diethyl  ether  extracts  of  condensate  wastewater  that  had  been 
dried  over  anhydrous  sodium  sulfata  and  concentrated  by  rotary  evapora- 
tion were  analysed  under  the  following  gc  conditions: 

• Instrument:  Hewlett-Packard  Model  5711  Gaa  Chromatograph. 

• Column:  6*  x 1.3  am  ID  glasa  colimm  packed  with  10%  DC-200 
on  80/100  mesh  Gaa  Chrom  Q. 

• Temperature:  105  to  200*  at  4* /min  column;  300*  detector; 
on-coltaan  injector. 

• Plow  Rate:  30  ml/min  Na. 

• Detection:  Flame  ionisation. 
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Quantitation  was  achieved  using  the  internal  standard  (benzo- 
phenone J method  and  area  response  compiled  by  a Hewlett  Packard  3380 
integrater-recorder.  Figure  5 is  a typical  gc  profile  of  a condensate 
wastewater  extract' 

Condensate  components  were  identified  using  an  LKB  9000  gas  chro- 
matograph/mass  spectrometer  (gc/ms)  equipped  with  a PDP-12  computer. 
Mass  spectral  data  were  stored  on  magnetic  tape  and  rr  ailed  to  confirm 
identifications  of  new  samples.  A 10%  DC-200  column  was  used  to 
parallel  the  quantitative  analysis  reports  and  to  assure  chat  peak 
identifications  in  this  phase  were  correct. 

3,5.3  Identification  of  Condensate  Components 

The  organics  in  condensate  wastewater  are  steam  distillates 
resulting  from  the  evaporative  process.  These  organics  are  sometimes 
overshadowed  by  "red  water"  components  (resulting  from  the  Sellite 
process)  that  infrequently  arise  from  a "bumping  over"  of  the  pot 
residue. 

Since  the  components  of  condensate  wastewater  are  somewhat  vola- 
tile, gc/ms  was  used  extensively  for  their  identification.  Identifi- 
cations were  confirmed  by  comparing  the  data  derived  with  those  for 
authentic  samples  obtained  from  commercial  sources  or  synthesized 
at  SRI.  Exhibit  A lists  those  compounds  identified  in  VAAP  condensate 
wastewater  by  SRI  and  NSWC. 

Toluene  ia  the  basic  starting  material  in  the  synthesis  of  TNT,  so 
its  presence  in  discharged  wastewaters  was  not  unexpected.  The  source 
of  N-nitroscmorphoiine  (I)  is  unclear.  However,  morpholine  was  identi- 
fied as  being  an  industrial  water  additive  in  Betz  NA-7  used  at  VAAP. 
Because  nitrite  and  ac*d  (yellow  water)  are  generated  at  various  points 
in  the  process  streams,  -he  potential  for  N-nitrosation  to  occur  at 
munition  facilities  is  h Lg,  (Eq.  1). 
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AREA 

PERCENT 

40.05 

428 

14.85 

-v'4  198 

.240  2 

.002  578 

.002  001 

.417  9 

.257  9 

.013  86 

.450  6 

.063  19 

.073  85 

.373  1 

.209  9 

.015  82 

.086  76 

.023  63 

.001  508 

.061  82 

AREA 

2842919 

3037674 

1054040 

298 

17049 

183 

142 

29664 

18305 

984 

31981 

4485 

5242 

26484 

14901 

1123 

6158 

1677 

1 107 

4388 

r 

RT 

.27 

.35 

.41 

2.89  N-nitrot. 

3.39  n w126 

5.22 

6.30 

9.90  mONB 
10.37  2,6 

11.41  2,5 

1237  2,4 

12.86  3,5 

15.07  DNX 

15.70  BOP 

16.55  197A 

18.14 

21.08  197B 

22.48  197C 

23.87 

24.74  197D 
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F IGURE  5 GAS  CHROMATOGRAPHIC  PROFILE  OF  CONDENSATE  WASTEWATER  EXTRACT 


Exhibit  A 


COMPOUNDS  IDENTIFIED  IN  CONDENSATE  WASTEWATER 


Toluene 

N-Nitrosotaorpholine  (I) 
N-Morpholinoacetonitrile  (II) 

2- Nitrotoluene 

4- Nitrotoluene 

3- Methyl-2-nitrophenol  (VI) 

5- Methyl-2-nitrophenol  (VII) 

3- Nitrobenzonitrile 

4- Mi trobenzonitrile 

1 . 3- D ' nitrobenzene  (XIV) 

2 , lio i trot oluene 
2,5-Dinitrctoluene  (XXIII) 

2 . 4- Dinitrctoluene 

2.3- Dinitrotoluene  (XIX) 

3.5- Dinitrotoluene  (III) 

3 . 4-  Dinitrotoluene 
2-Airino-4-nitrotoluene 

2- Amino-6-nitrotoluene  (XI) 
4-Amino- 2-n  Itrotoluene  (XT.I) 

3- Amino-4-nitrotoluene  (XIII) 


1 . 5- Dimethyl~2 , 4-dinitrobenzene  (XXVII) 

1.3.5- Trinitrobenzene  (XV) 

2.4. 6-  Trinitrotoluene 

2.3. 6- Trinitrotoluene  (XL) 

3-  Amino-2 ,4-dinitrotoluene  (XXII) 

4- Amino-3,5-dinitrotoluene  (IV) 

3- Amino-2,6-dinitrotoluene  (XX) 

4- Amino-2 ,6-dinitrotoluene 
2-Amino-4 , 6-dinitrotoluene 

5- Amino~2 , 4-dinitrotoluene  (IX) 

3 , 5-Dinitroaniline 
5-Methyl-2 ,4-dinitrophenol 

2- Amino-3 , 6-dinitrotoluene  (XXXII) 


I 


The  source  of  N-mor?holinoacetonitrile  is  also  unclear.  However, 
compounds  possessing  the  structure  of  II  have  been  reported9  to  be 
effective  alglcides,  so  N-morpholinoacetronltrlle  may  arise  from  the 
decomposition  of  such  analogs  when  used  as  water  additives. 


0 

II 

N5C-CH-C-NHR 


II 


Two  of  the  three  isomeric  mononitrotoluenes  were  observed,  as  were 
all  six  Isomeric  dlnitrotoluenes . All  these  compounds  are  expected 
nitration  products  of  toluene,  except  for  3,5-dinitrotoluene  (III) , 
which  may  arise  from  the  dlasotlsatlon  and  decomposition  of  4-aoino- 
3,5-dinitrotoluene  (IV)  in  water  (Eq.  3)  (see  Section  3.7). 
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The  nltrophenols  may  result  from  the  nitration  of  3-methylphenol 
(V)  to  yield  3-methyl -2-nit rophenol  (VI)  and  5-methyl-2-nltrophenol 
(VII)  (Eq.  4)  and  a dinitration  product,  2,4-dinitro-5-methylphenol 


(VIII) . Compound  VIII  was  also  found  in  the  synthesis  of  5-amino-2,4- 
dinitrotoluene  (IX)  from  2,4,5-trinitrotoluene  (X)  and  may  result  in 
condensate  wastewater  by  this  route  (Eq.  5). 


X 


The  aminonitrotoluenea  l2-amino-6-nitrotoluene  (XI) , 4 amino- 2- 
nitrotoluenc  (XII) , and  2-amino-4-nitrotoluene  (XIII) 1 may  be  microbial 
reduction  products  of  the  two  major  dinltrotoluene  learners,  2,6-  and 
2,4-dinitrotoluene  (Eq.  6).  The  microbial  reduction  of  aromatic  nitro 
groups  has  been  shown  to  be  a predominant  pathway  in  the  biodegradation 
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of  selected  pesticides.**7  Although  these  components  were  observed  in 
a few  samples,  their  formation  may  depend  on  their  residence  time  in 
settling  ponds  before  their  transfer  to  the  evaporators. 

The  aminodinltrotoluenes  may  be  produced  by  nucleophilic  substitu- 
tion of  ammonia  on  isomeric  trinitrotoluenes.  The  characteristics  of 
the  major  TNT  isomers  resulting  from  TNT  production  correlated  with 
those  of  the  major  aminodlnitrotoluene  Isomers  found  in  condensate 
wistewater.  Figure  6 summarizes  these  reactions.  Microbial  reduction 
does  not  appear  to  be  responsible  for  these  compounds  (except  possibly 
for  2-amino-4,6-dinitrotoluene)  since  their  distribution  in  the 
sampling  program  was  predictable. 


Two  nitrated  benzenes  were  observed — 1,3-dinitrobenzene  (XIV)  and 
1,3,5-trinitrobenzene  (XV),  These  compounds  may  arise  from  the  nitra- 
tion of  benzene  or  through  decarboxylation  of  their  corresponding 
acids  (Eq.  7). 


(7) 
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Except  for  thr  effect  of  nitrating  reagents  on  water  addltlvao, 
finding  many  nitrcaromatica  In  the  condensate  discharge  was  not  sur- 
prising. Higher  specifications  for  the  purity  of  toluene  used  in  the 
process  may  reduce  the  formation  and  outflow  of  several  products, 
but  the  majority  of  the  products  probably  are  unique  to  the  present 
manufacturing  conditions  and  may  only  be  eliminated  by  major  changes 
in  the  manufacturing  and  purification  processes. 

3.5,4  Sampling  Data 

The  data  reported  here  are  the  combination  of  analyses  performed 
by  SRI  and  NSWC  from  25  February  1976  to  22  January  1977.  Samples  were 
collected  as  described  in  Sectivr  3.1,2,  The  SRI  data  are  listed  in 
Table  8(  and  the  data  from  NSWC  are  listed  in  Table  9 and  reflect  the 
observed  concentrations  (mg/llter  or  ppm)  of  those  compounds  listed 
In  Exhibit  A. 

Mass  spectroscopy  was  used  to  quantify  the  aminonltrotoluenes 
because  these  co^rc  ’ ats  were  underlying  peaks  of  major  components. 
Using  selective  /ionite’'*  ig,  we  found  that  2-amino— 4 -nit rot oluena, 
4-amino-2-ni‘  v vluene,  *.n»*  2-amino-6-nitrotolu*:ie  were  present  in 
Sample  61  at  0.>  ppm,  0.08  ppm,  and  0.02  ppm,  respectively,  and  In 
Sample  65  at  0.02  ppm,  0.03  ppm,  and  0,02  ppm,  respectively. 

Table  10  lists  the  values  for  pH,  nitrite,  nitrate,  and  total 
organic  carbon  obtained  for  the  samples  listed  in  Table  8. 

3 . 6 Establishment  of  ■»  resents : Jischarge  Ratios  for  Condensate 

Component l 

The  sampling  data  were  highly  variable,  showing  no  consistent 
pattern  of  component  outflows  by  vl  " Inspection  or  by  mean  value 

of  determinations.  Since  the  obje  * was  to  determine  a represen- 

tative distribution  of  component  concentrations  in  a discharge,  we 
applied  cluster  analysis  of  the  data  points  using  a computer  program 
developed  at  SRI  for  handling  multivariate  data. 
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Essentially,  this  clustering  program  is  a multivariate  extension 
of  the  process  of  graphing  data  cases  with  two  variables  and  pictorlally 
dividing  the  data  Into  clusters  on  the  basis  of  proximity.  The  mean 
for  each  of  the  two  variables  Is  computed  and  represented  graphically. 
The  data  case  furthest  from  the  mean  starts  a second  cluster,  the  first 
cluster  containing  all  the  remaining  data  points.  The  criterion  for 
allocation  of  all  further  cases  is  the  total  error — the  sum  of  distances 
squared  from  each  data  case  to  the  cluster  mean  of  the  cluster  to  which 
it  is  assigned.  This  procedure  of  minimizing  total  error  is  designed 
to  minimize  distances  within  clusters  and  maximize  distances  between 
clusters. 


Each  data  case  from  the  first  cluster  is  sequentially  moved  Into 
the  second  cluster,  which  Initially  contained  only  one  case.  The 
cluster  means  and  total  error  of  the  two  clusters  are  computed  after 
the  move,  and  the  case  is  returned  to  the  first  cluster  After  total 
err  Is  computed  for  all  data  cases,  the  data  case,  if  any,  for  which 
total  error  is  minimum  and  leso  than  the  total  error  with  only  one 
case  in  the  second  cluster  is  now  assigned  to  the  second  cluster.  Data 
cases  are  added  to  the  second  cluster  in  this  manner.  When  the  total 
error  can  no  longer  be  reduced  by  addition  of  a data  case  to  the  second 
cluster,  the  point  furthest  from  its  cluster  mean  is  designated  to 
start  a third  cluster.  All  data  cases  from  the  first  and  second  clus- 
ter are  tested  for  reduction  of  total  error  by  being  moved  into  one  of 
the  two  other  clusters,  as  abovs.  This  process  is  repeated  until  same 
preselected  nanlnue  number  of  clusters  has  been  obtained.  The  washer 
of  clusters  actually  used  for  analysis  is  chosen  by  the  program  user. 


Using  17  variables  (major  components  pins  pN,  nitrite,  nitrate, 
and  TOC)  from  45  condensate  samples  in  Table  8,  the  cl eater lag  analysis 
was  performed.  At  five  clusters,  the  date  were  divided  ieto  tmo  major 
clusters  cons  1st  leg  of  18  taflm  each  and  t ea  minor  clusters.  Table 
11  shows  the  representative  percentage  of  the  distribution  of  capemstt 
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of  the  distribution  of 


described  In  sach  of  th*  major  duatara  and  tha  avaraga  par can tag a of 
distribution  datarmlnad  from  tha  two  clustars. 

Tab la  11 

RELATIVE  PERCENTAGES  OF  CONDENSATE  COMPONENTS 


DERIVED 

FROM 

COMPUTER 

CLUSTERS 

Cluster  1 

Cluster 

2 

Condensate  Component 

PP» 

X 

ppm 

X 

Average  (X) 

I , 3-Dinlt robenzene 

1.09 

9.1 

2.9 

11.2 

10.2 

2 ,6-Dinit  rot oluene 

2.66 

22.2 

5.98 

23.1 

22.7 

2, 5-Dlnitrotoluene 

0.1 

1 

0.  3 

1 

1.0 

2 , 4-Dlni t rot oluene 

5.3 

44.2 

13.7 

52.9 

48.6 

3, 4-Din it  rot oluene 

0.2 

1.7 

0.54 

2 . 1 

1.9 

2, 1-Dinitrotoluene 

0.4 

3.3 

0.53 

2.0 

2.7 

2 , 4 , 6-T l n 1 1 rot  o 1 uene 

0.5 

4.2 

0.54 

2.1 

3.2 

4-Amln*.*-2  ,6-d  tnl t rotoluene 

0.  34 

2.8 

0.26 

1 

1.9 

K-Nlt  rosomorphol lne 

0.1 

1 

0.13 

0.5 

0.7 

Ji-Morpho!  i noace  ton  it  rile 

0.24 

2 

0.24 

1 

1.5 

1-Amino- 2 , 4 -d ini t rot oluene 

0.78 

6.5 

0.  31 

1.2 

3.9 

V- Amt  no- 2 ,6-d  In  It  rotoluene 

0. 14 

1.2 

0.27 

1 

1.1 

S- Am 1 no- 2 , 4-d  in  it  rot oluene 

0.15 

1.3 

0.18 

0.7 

1.0 

Aa  mors  data  bscama  aval lab la  for  tha  minor  components,  these 
data  wars  comb load  with  tha  data  provided  by  NSWC  (Table  9) , and  tha 
U.S.  Army  Nadi  cal  lloaoglnaarlng  laaaarch  and  Dsvalopswnt  Laboratory 
davalopad  a raprasantativa  percentage  of  distribution  of  condensate 
components,  as  shown  In  Tablo  12.  This  was  accomplished  by  taking  the 
90th  percent 11a  concent vat ion  of  those  compounds  that  appeared  in  at 
leant  10Z  of  the  snap las  and  dividing  that  nuaber  by  tha  sun  of  tha 
concentrations  of  all  other  comp  ants.  For  those  compounds  that  did 
mot  have  a non-zero  90th  percent 11s  concentration,  a naan  non-sero 
concentration  was  determined  and  it  was  than  divided  by  tha  sun  of  the 
concentrations  of  tha  other  components. 


Table  12 


90TH  PERCENTILE  CONCENTRATIONS  AND  RELATIVE 
CONCENTRATIONS  DETERMINED  FOR  CONDENSATE  COMPONENTS 


Condensate  Component 

90th  Percentile 
Concentration 
(mg /liter) 

Relative 

Concentration 

($) 

Toluene 

0.200 

0.590 

2-Nitrotoluene  (NT) 

0.030 

0.089 

4 -N  it  rot  o luene 

0.100 

0.295 

3~Nitrobenzonitrile 

0.013 

0.035 

4-Nitrcbenzonitrile 

0.009 

0.027 

2-Ami no-4-NT 

0.033 

0.097 

2-Ami no-6-NT* 

0.010 

0.0; 

3~Amino-4-NT* 

0.027 

0.080 

3-Methyl -2-nitrophenol 

0.C12 

0.035 

5-Methyl-2-nitrophenol 

0.032 

0.094 

1,3-Dinitrobenzene  (DNB) 

4.000 

11.803 

2,3~Dinitrotoluene  (dnt) 

0.400 

1.180 

2, 4-dnt 

14.700 

43.377 

2, 5 -DNT 

o.4oo 

1.180 

2, 6-DNT 

7.300 

21.541 

3, 4-dnt 

0.500 

1.475 

3,5 -DNT 

0.520 

1.534 

* 

3, 5-Dinitroaniline 

0.058 

0.171 

1, 5~Dimethyl-2,4-DNB  (DNX) 

0.390 

1.151 

2 -Ami no-3, 6-DNT 

0.030 

0.089 

2-Ami no-4 , 6-DNT 

0.020 

0.059 

3-Amino-2, 4-DNT 

1.500 

4.426 

3 -Amino-2, 6-DNT 

1.200 

3.541 

4-An.ino-2, 6-DNT 

O.bCO 

1.770 

4~Amiuo~3>  5“DNT 

0.200 

0.59C 

5-Ami no-2, 4-DNT 

0.700 

2.066 

2,4-Dinitro-5-methy\phenol 

0.085 

0.251 

1,3,5-Trinitrobenzene  (TNB)* 

0.153 

0.451 

2,3,6-Trinitrotoluene  (TNT)* 

0.268 

0.791 

2,4,6-tnt 

U.400 

1.380 

* Compounds  were  not  presort  in  10$  of  the  samples. 

Value  giver  reoresents  the  mean  of  the  non-zero  values. 


The  data  in  Table  12  represent  the  relative  distribution  of  com- 
ponents to  be  expected  in  a condensate  discharge  at  VAAP.  Although 
these  data  are  derived  from  a larger  data  base  than  those  used  in  the 
cluster  analysis,  the  component  distribution  patterns  are  similar, 
verifying  the  reliability  of  the  methods. 

3. 7 Methods  for  the  Synthesis  of  Condensate  Components 

Of  the  33  compounds  identified  in  condensate  wastewater,  many 
could  not  be  obtained  from  commercial  sources.  Therefore,  methods 
were  developed  to  synthesize  these  compounds  in  sufficient  quantities 
for  the  mammalian  and  aquatic  toxicological  studies. 


The  procedure--  and  synthetic  routes  for  the  preparation  of  both 
intermediate  and  final  products  are  detailed  in  the  following  sections. 

3.7.1  Preparation  of  2,3-Dlnitrotoluene  (X7X) 


H20f, 

HOAc 

H230a 

kef, 


XIX 


O-Acetotoluimlde  (XVI) 

Acetic  anhydride  (3000  g,  29.4  mol)  was  added  to  a mixture 
of  3000  g (?8,0  mol)  of  o-toluidire,  590  ml  of  water,  and  1000  ml  of  3 
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acetic  acid  at  40  to  45°  over  a 1-tir  period  with  lce/water  cooling. 

The  reaction  mixture  was  poured  into  20  liters  of  cold  water  to  precip- 
itate the  product,  which  was  removed  by  filtration  and  dried  to  yield 
3680  g of  material  (882  yield) . 

N-Acetyl-2-Amino-3-Nitrotoluene  (XVII) 

O-Acetotoluimide  (960  g,  6.4  mol)  was  added  to  a mixture 
of  3600  g of  90%  nitric  acid  and  1200  g of  glacial  acetic  acid  at  5 to 
10°.  The  reaction  mixture  was  stirred  at  25°  with  ice/water  cooling 
for  3 hr  and  then  poured  into  8 liters  of  ice/water  to  precipitate  the 
product.  The  product  was  removed  by  filtration  but  was  dried  only  with 
difficulty;  therefore,  it  was  slightly  wet  when  used  in  the  next  step. 

2-Amino-3-Nltrotoluene  QCVIII) 

Half  the  product  obtained  from  the  nitration  of  0-aceto- 
tolulmide  was  refluxed  in  4 liters  of  hydrochloric  acid  for  7 hr, 
during  which  time  an  additional  600  ml  of  hydrochloric  acid  was  added. 
The  hot  reaction  mixture  was  poured  into  20  liters  of  cold  water  to 
precipitate  the  product,  which  was  removed  by  filtration  and  dried. 
Recrystallization  from  hot  methanol  yielded  123  g of  product,  a 25% 
combined  yield  for  nitration  and  hydrolysis. 

2,3-Pinltrotoluene  (XIX) 

2-Amino- 3-nitrotoluene  (400  g,  2.6  mol)  was  added  in  small 
portions  to  a mixture  of  2000  ml  of  acetic  acid,  25  ml  of  sulfuric  acid, 
and  600  ml  of  90%  hydrogen  peroxide  at  80  to  90°.  The  reaction  exotherm 
maintained  the  temperature  without  external  heating.  After  the  exotherm 
had  ceased,  350  ml  of  30%  hydrogen  peroxide  was  added,  and  the  reaction 
was  heated  to  80  to  9CU  lor  3 hr  more.  The  mixture  was  then  cooled  and 
poured  into  8 liters  of  cold  wafer.  The  product  was  removed  by  filtra- 
tion and  recryetalliaed  from  methanol;  220  g,  46%  yield. 


40 


3.7.2  Preparation  of  3-Amino-2 , 6-Dinltrotoluene  (XX) 


A mixture  of  500  g (275  mmol)  of  2,6-dinitrotoluene  and 
50.0  g (720  mmol)  of  hydroxylamine  hydrochloride  in  1100  ml  of  95X 
ethanol  was  placed  In  a 5-liter  flaak  fitted  with  a mechanical  stirrer, 
addition  funnel,  and  thermometer.  This  mixture  was  cooled  to  5®,  and 
500  ml  of  methanol  saturated  with  85%  K0H  was  added  dropwlse  over  a 
1.5-hr  period  while  the  temperature  was  kept  at  5 to  10°.  The  color 
of  the  reaction  mixture  turned  from  white  to  blue-grey  to  reddish  brown 
as  the  base  was  added.  When  the  adc.<tlon  of  base  was  completed, 

3000  ml  of  water  was  added,  causing  precipitated  KC1  to  dissolve  and 
an  organic  product  to  precipitate.  After  1 hr,  the  product  was 
collected  by  filtration,  washed  with  water,  and  dried  under  vacuum 
over  Pa09;  wt,  20.4  g.  Recrystallization  from  a hexane-chloroform 
mixture  after  charcoal  treatment  gave  15.05  g of  a yellow  crystalline 
solid  that  was  identified  as  3- amino-2, 6- ainitrotoluene  by  its  nmr 
spectrum;  yield,  28%. 


3.7.3  Preparation  of  3-Amino-2 , 4-Dinitrctoluene  (XXIX) 


2,3,4-Trinitrotoluene  (XXI) 

Sulfuric  acid  (96%,  3000  ml)  was  cooled  to  10°,  and  1)00  ml 
of  90%  nitric  acid  was  added  over  a 30-fltln  period  while  the  temperature 
was  allowed  to  rise  to  50°.  The  mixcure  was  heated  to  80°,  and  383  g 
(2.1  ml)  of  2, 3-dinitrotoluene  was  added  in  small  portions  at  such  a 
rate  that  the  temperature  remained  at  80  to  83°  without  external  heating 
or  cooling.  After  the  addition  was  complete,  the  mixture  was  heated  to 
95°  for  an  additional  hour.  The  mixture  was  cooled  and  poured  into 
9 liters  of  lce/water.  The  precipitated  product  was  removed  by  filtra- 
tion, dried,  recrystallized  from  1800  ml  of  methanol,  and  recrystallized 
from  1200  ml  of  methanol;  177  g,  37%  yield. 

3-Amino-2,4-Dinitrotoluene  (XXII) 

Aqueous  ammonia  (70  ml)  was  added  to  a solution  of  25  g 
(0.11  mmol)  of  2, 3,4- trinitrotoluene  in  250  ml  of  absolute  ethanol 
at  65°;  the  addition  rate  was  regulated  so  as  to  maintain  the  65° 
reaction  temperature  without  extei  al  heating  or  cooling.  After  the 
exotherm  had  ceased,  the  reaction  was  refluxed  slowly  for  1 hr  and  then 
cooled  to  5°.  The  product  wee  removed  by  filtration;  17.2  g,  79%  yield. 

3.74  Preparation  of  2,5-Dinltrotoluene  (XXIII) 


HOAc 

HeS04 

H£Os 

55* 


NOp 


Into  a 12-liter  three-neck  flask  fitted  with  a thermometer, 
mechanical  stirrer,  and  drying  tube  were  placed  3600  ml  of  gleclai 
acetic  acid,  100  ml  of  cone.  HjS0k,  and  500  ml  of  30%  Tive  flask 

was  heated  to  68®,  and  200  g cf  2-aininr(-5-nitrotoluen*  in  IdOC  ml  of 
het  glacial  acetic  acid  was  added  in  portions  so  that  the  temperature 
remained  between  70  and  75*  (a  water  bath  was  naeded  at  times) . Af tar 
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the  addition  <90  min),  500  ml  of  30Z  HjOt  was  added,  and  the  red-brown 
liquid  was  stirred  for  2 hr  at  70  to  75  * . The  mixture  was  next  poured 
into  40  liters  of  water  and  stirred  for  1 hr.  The  solid  was  filtered 
and  wasuud  by  stirring  with  40  liters  of  water  for  30  min.  Crude 
product  was  dried  r<  ~ii<*ht  under  vacuum;  192  g,  80X  yield.  The  nmr 
spectrum  showed  a:'  .'ey  v£  10  to  12%.  The  recrystalllzatlon  from 

dlchloromethanc 'hexauc  gave  128.6  g of  100Z  pure  product  by  gc  analysis 
yield,  53. 7X. 


3.7.5  Preparation  of  4-Amlno-3.5-Dinitrotoluene  (IV)  and 
3. 5-Dinit ro toluene  (III) 


NHAc 


65 $ 


h2so4 

NaNOs 

Y 


3 .5-Dinitro-N-Acetyl-p-Toluidine  {HIV) 

In  a three-neck  flask  equipped  with  a mechanical  stirrer 
and  thermometer  was  placed  2.45  liters  of  90X  HHO* ; this  was  cooled  to 
10°  in  an  ice  beth,  and  198  g of  N-ncetyl  £-toluidlne  was  added  over 
50  min.  With  the  temperature  kept  below  15*,  the  reactor  was  stirred 
for  25  min  at  about  15*.  The  solution  was  quenched  into  2x4  liter 
ZrlensMyer  flasks  containing  crushed  ice  and  was  stirred  for  1 hr.  The 
solid  was  filtered  end  washed  by  stirring  with  water  in  3 x 4 liter 
Erleunoyer  flasks  for  20  min.  The  moist,  slightly  gretnlsh-yellow 
product  was  collected  end  dried  overnight. 
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4-Amino-3,5-Dlnitro toluene  (IV) 

The  product  obtained  from  the  preceding  process  was  hydro- 
lized  by  treatment  with  1.2  liters  of  50Z  H,SO*  at  90°  for  30  min.  The 
reaction  mixture  was  cooled  and  filtered,  and  the  product  was  washed 
thoroughly  with  water  and  dried  under  vacuum;  161.6  gt  61. 7X  yield. 

3,5-Dinitrotoluene  (T.II) 

4-Amino-3, 5-dinitrotoluene  (160  g)  was  mechanically  stirred 
with  3.4  liters  of  abs.  ethanol  and  900  ml  of  cone.  HaS0«  In  a 12-liter 
three-neck  flask;  544  g of  NaN0a  was  added  in  portions  (3  hr).  When 
about  120  g of.  NaNOa  had  been  added,  the  flask  was  heated  to  70°.  The 
reaction  occurred  vigorously,  causing  a strong  evolution  of  gases,  and 
the  temperature  rose  to  78°.  The  flask  uas  cooled  to  60°  In  a water 
bath.  During  this  time,  a yellow  solid  appeared.  The  rest  of  the 
NaNOa  was  added  to  maintain  the  temperature  at  between  60  and  70°.  The 
dense  reaction  mixture  was  then  poured  Into  12  liters  of  water,  stirred 
for  15  min,  and  filtered.  The  solid  was  washed  with  8 liters  of  water, 
filtered,  and  dried  for  >6  hr  under  vacuum;  wt,  129.7  g.  Recrystalli- 
a.atlon  from  petroleum  ether  (60  to  110°)  gave  96.8  g of  3,5-dinltro- 
toluene;  yield,  65. 6Z. 

3.7.6  Preparation  of  l,5-Dlmethyl-2,4-Dlnitrobenzene  (XXV) 


m-Xylene  (100  g)  was  added  slowly  (over  15  min)  to  280  ml  of  90Z 
HN0a,  with  the  temperature  kept  below  0*.  The  mixture  was  allowed  to 
warm  to  room  temperature.  The  heat  of  reaction  allowed  the  reaction 
temperature  to  reach  90*,  where  it  remained  for  about  1 hr;  then  heat 
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was  applied  to  kaep  ths  flask  at  95*  for  5 hr.  The  orange-red  liquid 
was  poured  into  3 liters  of  lce/water,  stirred  30  min,  and  filtered. 
This  product  was  washed  with  water,  30  ft  NaHCO»/500  nl  H«0,  and  again 
with  water  and  dried  overnight  under  vacuum;  vt,  179.7  g.  The  gas 
chromatogram  showed  that  the  constituents  of  the  product  were  30Z 
l,3-dlmethyl-2,4-dlnitrobcnzene  and  70X  1, 5-dime thy 1-2 ,4-di nitrobenzene 
(column,  10  feet  x 1/8  Inch;  25X  DOW  550  on  100/120  mesh  Chromasorb). 
The  recrystalllcation  from  95Z  ethanol  e g of  greenish  crystals 

98.5  to  99Z  1, 5-dins  thy  1-2, 4-div  itroben-/ ; v,’  up,  91-93“;  yield,  48X. 

3*7.7  Preparation  of  2-A»lno- 5. 6-Dln it ro toluene  (XXIX)  and 
2-Aaino-3.6-Dinltrotoluena  (XXX) 


2-Methyl- 3-Hitroacetanilide  (XXVI) 

2 -Amino-6-n it ro toluene  (50  g,  0.329  mol)  was  suspended  ia 
400  ml  of  glacial  acetic  acid;  the  mixture  was  cooled  to  5*,  and  60  ml 
of  acetic  anhydride  containing  0.5  g of  96X  sulfuric  acid  was  added  in 
drops  over  10  min.  The  temperature  was  raised  to  85*  over  s 20-min 
period,  during  which  time  the  desired  product  separated  sn  a light-tan 
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solid.  After  1C  min,  the  mixture  was  cooled  to  40°  and  poured  into 
1 liter  of  crushed  ice.  The  light-tan  precipitate,  2-methyl- 3-nitro- 
acetenilide,  was  filtered,  washed  with  water,  and  dried  under  vacuum; 

61.0  g;  962  yield. 

2-Methyl-3,6-Dinitroacetanilide  (XXVII)  and 

2-Methyl-3.4-Dinitroacetanilide  (mill) 

A nitrating  solution  was  prepared  by  slowly  adding  260  ml  of 
962  sulfuric  add  to  152  ml  of  902  nitric  acid,  keeping  the  temperature 
of  the  mixture  below  25°.  A 420-ml  sample  of  this  solution  was  cooled 
to  5°,  and  60  g of  2-methyl- 3-nltroacetanilide  was  added  in  small  por- 
tions over  20  min  while  the  temperature  was  maintained  at  47s.  After 
addition,  the  temperature  was  allowed  to  rise  to  15s,  at  which  point  the 
reaction  was  quenched  on  1500  ml  of  crushed  ice.  The  cream-colored  pro- 
duct was  filtered,  washed  thoroughly  with  water,  and  dried  under  vacuum; 
>0.0  g;  952  yield.  This  product  was  a mixture  of  2-methyl-3,6-dinltro- 
acetanilide  and  2-methyl-3,4-dinitroacetanilide. 

2-Amlno-5,6-Dinitrotoluene  (XXIX) 

To  a 69.0-g  sample  of  a mixture  of  2-methyl-3,6-dinitro- 
acetanlllde  and  2-mothyl-3,4-dinitroacet anilide  was  added  450  ml  of  502 
sulfuric  acid.  This  stirred  mixture  was  haated  in  a steam  bath  for  10 
min  to  hydrolyze  2-methyl-3,4-dlnltroacetanlllde.  The  mixture  was  cooled 
to  40s  and  filtered,  and  the  yellow  product  was  dried  under  vacuum. 

This  product  was  treated  with  250  ml  of  ether  to  separate  2-aaino-5,6- 
dlnitrotoluene,  which  is  soluble  from  2-methyl- 3, 6-dinltroacatanlllde. 

The  filtrate  was  evaporated  to  dryness,  leaving  2-amino- 5, 6-dinltro- 
toluene  that  was  about  902  pure.  Recryat&lllzatlon  from  absolute  ethanol 
yielded  19.4  g of  pure  product,  which  was  identified  by  its  nmr  spectrum; 
352  yield. 


2 -Amino- 3, 6-Oinitrotoluena  OODO 

The  2-msthyl-3,6-dlnltroacetaalllda  obtained  from  the  pre- 
ceding steps  was  placed  in  300  cl  of  502  sulfuric  acid,  and  the 
stirred  mixture  was  hasted  at  80  to  90s  fur  3 hr.  The  mixture  was 
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coclad  and  fllttrtd,  and  tha  yallow  product  waa  dried  undar  vacuus, 
ftacryatalllsatlon  froai  abaoluta  athanol  save  17.2  g of  2-aaino-3,6- 
dlnltrotoluana,  which  waa  identified  by  its  nmr  spectra;  31%  yield. 

1.7.8  Preparation  of  S-A?aln<>-2.4-Dipitrotoluana  (IX) 


2.4.5-Trlnltrotoluane  (XXXI) 

A mixture  of  355  g of  3,4-dlnitrotoluene,  3060  ml  96% 
H*S0*,  and  1150  ml  of  90%  HN0»  waa  stirred  and  heated  to  80  to  90°  for 
40  min.  The  mixture  was  poured  into  crushed  ice  and  stirred  for  30 
min.  The  solid  wae  filtered  and  washed  by  stirring  with  30  liters  of 
water  durlnf  1 hr.  The  crude  product  was  dried  under  vacuum.  Th.i  nmr 
spectrum  showed  about  25%  imparity.  After  two  crystallizations  ft >m 
2x5  liters  of  abs.  ethanol,  290  g of  pure  product  with  a consistent 
nmr  spectrum  was  obtained;  mp,  103  to  105°;  65.51  yield. 

5-Amino-2,4-Dinitrotoluene  (IX) 

A mixture  of  350  g of  2,4,5-trinitrotoluene  and  3.5  Uteri 
of  abs.  ethanol  was  stirred  at  60°  until  the  solid  was  completely 
dissolved.  The  liquid  was  cooled  to  15°  in  a dry  ice/ccatona  bath, 
and  933  ml  of  28%  NH*0H  (d  ■ 0.9)  was  added  in  portions  (100  nln)  with 
stirring  and  at  a temperature  maintained  at  about  15*.  The  solution 
turned  green  and  then  dark  blue  after  several  portions  of  HH*0H  wars 
Introduced. 
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After  the  addition,  the  solution  was  refluxed  for  1 hr  and 
allowed  to  stand  overnight.  During  that  time,  a brownish-black  coarse 
solid  was  formed  and  deposited  firmly  onto  the  flask.  The  solid  was 
filtered  off  and  dried  under  vacuum  to  give  a weight  ol:  123  g. 

The  proton  spectrum  enabled  us  to  identify  it  as  the 
desired  product,  with  98.5  to  99X  purity  as  shown  by  gc.  The  filtrate 
was  condensed  by  distilling  the  solvent  under  the  pressure  of  a water 
aspirator  to  3 liters;  this  was  left  to  stand  over  the  weekend.  An 
additional  dark-yellow  solid  was  collected  (23X),  and  its  nan-  spectrin 
was  identical  to  that  of  the  first  product.*  Gc  showed  88X  purity; 
total  crude  product,  146  g;  48X  yield.  The  purification  by  adding 
hexane  to  a hot  solution  of  product  in  chloroform  after  the  cooling 
gave  a bright-yellow,  fine  powder  that  had  a purity  of  1001  by  gc 
analysis . 


3-7.9  Alternative  Method  of  Preparing  5-Asdno-2.4~Dlnitrotolmsna 

A mixture  of  5.0  g of  2.4-dlnitrotoluame  (27.4  nol)  and  5.0  g 
of  hydroxy lamina  hydrochloride  (72.0  anol)  in  100  mi  of  ab».  ethanol 
wae  cooled  to  5*,  end  50  ml  of  a solution  of  851  BOH  la  nethamol 
(saturated  at  'vS'*)  wue  coded  In  drops  (1  hr).  The  reaction  mixture 
turned  from  white  to  blue-grey  to  red-brown  ee  the  BOH  eolutloe  wee 
added.  Near  the  end  of  the  addition,  stirring  was  difficult  beceeoe 
the  KC1  that  precipitated  had  formed  hard  lunpe.  When  the  addition  of 
the  BOH  wee  complete,  the  mixture  wee  stirred  at  IP*  for  30  min  and 
1500  ml  of  water  wee  added,  causing  the  KC1  to  dissolve  end  an  organic 
product  to  precipitate.  This  product  wee  collected  by  filtration, 
unshed  with  water,  and  dried  under  vacua*  over  F*0*:  vt,  3.77  g. 

*The  filtrate  of  ihu  second  crop  was  unintentionally  left  uncovered  for 
several  days.  The  solvent  evaporated,  leaving  coarse  yellow-brown 
needles  that  caused  laboratory  personnel  to  cough  end  sneers.  The  com- 
poued  wee  later  purified  by  dissolution  In  water  erd  extraction  with 
chloroform  and  was  idsntiflsd  ss  e—unlum-3-msthy  1-2- O-dlnltropheno late 
by  gc,  oar,  and  malting  point  methods. 
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Am  onr  ipaetm  wnw  that  chin  produce  «m  rf/ctxlaataly  75X 
S-alao>2 ,4-diait(otolwM  and  23X  ? ,4 -din  it  retains*.  . Par  purifies- 
tlno,  tha  cnfla  taaa  traatad  arlch  50  ml  of  a alxtna  of  9SX  patrolam 
atbar  (60  co  110*  and  SX  eolnaaa  (hoe  ) la  which  7,4-dialtrotolaeae  am 
aolobla.  Tha  laaolnhla  notarial,  2.90  g.  waa  .wmlpiMd  by  gc  and  foam 

to  ha  84X  | inlao  2,4-dtnlcrof lnana.  Partial  ehrougb 

..  ,'V . 'rf .fe  <4L 

racryotalllaatlon  yielded  a produce  that  mat  'tfc  anal  pa  la; 

40X  plaid. 


3. 7.10 


iTurriMiii 


5-Trlnltcobaniana  (XV 


n^gCraOr 


¥ 


XXXII 


2.4,6-Trlnitrobensoic  Acid  (XXXII 


To  1500  cc  of  cone,  sulfuric  acid  in  a 5-liter  flask  was 
added  270  (t  (1.19  aol)  of  2,4,6-trlnltrotoluene  during  mechanical 
stirring.  Sodlun  d lehr ornate  was  then  added  in  portions  with  continued 
stirring  until  the  temperature  reached  40*.  A cold  water  bath  was  used 
to  hold  the  temperature  between  AO  and  50°  while  sodium  dichromate 
addition  continued  over  a 2-hr  period.  A total  of  406  g (1.36  mol) 
of  sodium  dlchroaate  was  added.  When  all  the  dichromate  had  been 
added,  the  mixture  was  stirred  for  2 hr  at  45  to  50°  and  then  allowed 
to  stand  overnight.  The  mixture  was  carefully  poured  onto  cracked  ice, 
and  the  crude  trlnltrobenzolc  acid  was  filtered  through  sintered  glass 
and  washed  with  cold  water.  After  drying  under  vacuum,  the  product 
weighed  158  g (52X  of  the  theoretical  amount) . 


1.3.5-Trlnltrobansane  (XV) 

Th«  crude  trlnltrobenzoic  acid  previously  obtained  was 
nixed  with  1600  cc  of  water  at  35*  in  a 5-liter  flask.  A 15X  solution 
of  sodium  hydroxide  was  then  added  in  portions  with  mechanical  stirring, 
the  temperature  being  bald  between  35  and  40°,  until  a yellow-red  color 
appeared  and  trlnltrobenzene  floated  on  the  surface.  The  solution 
was  made  Just  yellow  with  glacial  acetic  acid.  The  mixture  was  fil- 
tered, and  the  filtrate  was  transferred  to  a 5-liter  flask;  50  cc  of 
glacial  acetic  acid  was  added,  and  the  solution  was  heated  gently  with 
mechanical  stirring  for  3.5  hr.  The  mixture  was  allowed  to  stand  for 
48  hr  and  then  was  filtered  to  yield  62.8  g (25X  of  the  theoretical 
amount  from  trinitrotoluene)  of  pure  1,3,5-trinitrobenzene. 


3.7.11  Preparation  of  2. 3, 6-Trinitrotoluene  (XXXVI) 


XXXVI 


f* 


2 -Methyl- 3-Nltroacatanilide  (XXXIII] 


2-Methyl-3-nitroaniline  (200  g,  Aldrich)  was  suspended  in 
1600  ml  of  glacial  acetic  acid.  The  mixture  was  cooled  to  5°,  and 
240  ml  of  acetic  anhydride  containing  0.5  g of  96Z  sulfuric  acid  was 
added  in  drops  over  15  min.  The  temperature  was  re'  ed  to  85°  over 
25  min,  during  which  time  the  desired  product  separated  as  a light- 
brown  solid.  After  the  reaction  temperature  had  been  held  at  85°  for 
10  min,  the  mixture  was  cooled  to  40a  and  poured  into  4 liters  of 
crushed  ice.  The  light-brown  precipitate  was  filtered,  washed  with 
water,  and  dried  under  vacuum;  92. 5Z  yield. 

2-Methyl-3, 5-Dlnitroacctanlllde  and 


2-Mathvl-3, . -Dinitroacatanilide  (XXXIV) 

A mixed  e.Jd  solution  was  prepared  by  slowly  adding  1034  ml 
of  96Z  sulfuric  acid  to  646  ml  of  90Z  nlcric  acid,  keeping  the  tempera- 
ture of  the  mlx.'.u  '«<.  below  25”.  A 1680-ml  sample  of  mixed  acid  was 
cooled  to  5”,  and  2<0  g of  2-methyl- 3-nitroacetanllide  was  added  in 
small  portions  (AS  win)  while  the  temperature  was  maintained  at  4 to 
7*.  After  adcirloa,  the  temperature  was  allowed  to  rise  to  15”,  at 
which  point  th’l* junction  was  quenched  on  6 liters  of  crushed  ice.  The 
cream-colored  precipitate  -eas  filtered,  washed  thoroughly  with  water, 
and  dried  nr;  1 g;  97%  yield. 

2 . i~01oltro-6-Anlnotoluene  and 


To  a 206-gram  sample  of  the  mixed  dlnltroacetanilides 
(0.87  molt  was  added  1340  ml  of  50%  sulfuric  acid  with  stirring.  The 
mixture  urns  heated  on  a steam  bath  at  80  to  90*  for  2 hr,  during 
which  time  e yellow-orange  solid  formed.  The  hot  mixture  was  quenched 
on  8 liters  of  crushed  ice  and  allowad  to  stand  overnight.  The  solid 
was  filtered,  wsshed  thoroughly  with  wetor  to  remove  all  traces  of 
acid,  and  vacuum  dried  over  sulfuric  acid;  159.6  g;  93%  yield. 


r 
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2.3. 6-Trinltrotoluene  (XXXVI) 

Trifluoroacetic  anhydride  (570  ml)  was  udded  quickly 
(5  min)  to  835  ml  of  CHC1*,  with  the  temperature  held  at  about  5°. 

A 90-ml  sample  of  90%  hydrogen  peroxide  was  added  in  drops  (2  hr), 
with  the  temperature  maintained  between  0 and  5°.  To  this  milky  white 
mixture  was  added  the  above  aminodinitro toluenes  (159.6  g)  in  small 
portions  (30  min)  at  0 to  5°.  The  reaction  temperature  was  allowed  f.e 
rise  slowly  to  54°  (4C  min) , the  dropping  funnel  was  replaced  by  a 
condenser,  and  the  mixture  was  refluxed  for  2 hr.  The  reaction  was 
cooled  to  ambient  temperature,  and  solvents  were  removed  on  a rotary 
evaporator  until  a yellow  precipitate  appeared.  Methylene  chloride 
was  added  to  dissolve  the  precipitate,  and  the  resulting  solution  was 
washed  with  four  250-ml  portions  of  5%  NaKC.C9  and  two  250-ml  portions 
of  water.  The  methylene  chloride  solution  was  dried  (MgSOj,)  * the  sol- 
vent was  removed  under  vacuum,  and  the  yellow  crystal ine  product  waa 
dried  under  vacuum.  The  product  (180. V g)  represented  a yield  of  91%; 
mp  105  to  112°;  purity,  99%  by  gc  ••nalyais.  Reeryatallization  from 
1250  ml  of  methanol  gave  124.3  g of  pure  2,3,6-tri.nitrotoluene; 
mp,  111.5  to  112.5°. 

3.7.12  Preparation  of  3-Amino-a-Nitrotoluene  (XXXVII) 


NO*  WO a 

XXXVII 

A 115-g  sample  of  3,4-dinitrotoluene,  284  ml  of  ammonium 
hydroxide  solution  (23%  NH»),  and  1750  ml  of  methanol  were  heated  in  an 
autoclave  for  6 hr  at  150°.  After  the  methanol  was  evaporated  under 
vucut  the  yellow-brown  residue  was  crystallized  twice  from  methanol 
to  yield  58,4  g of  pure  3-amino- 4-nitrotoluene;  yield,  61%, 
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4 ANALYTICAL  CHEMISTRY  EVALUATIONS  OF  MUNITIONS 
COMPOUNDS  USED  IN  TOXICOLOGICAI.  EVALUATIONS 

The  compounds  used  in  aquatic  and  mammalian  toxicological  studies 
were  evaluated  Cor  their  identity  and  purity.  For  identification, 
infTaved  (ir) , nuclear  magnetic  resonance  (proton  nmr) , ultraviolet 
spectroscopy  (uv) , and  mass  spectral  data  were  obtained.  For  purity, 
each  compound  was  evaluated  for  its  elemental  composition  and  chromato- 
graphic homogeneity  using  gc  and  hplc.  The  results  for  each  compound 
and  the  spectral  and  chromatographic  data  are  presented  in  the  following 
sections.  Uv  spectra  were  taken  on  a Parkin-Elmer  Model  200  uv  spectro- 
photometer; Ir  spectra  were  obtained  from  a Perkin-Elmer  137  infrared 
spectrophotometer;  nmr  spectra  were  obtained  on  Varian  A-60A  or  Varian 
Lrf-90  nuclear  magnetic  resonance  spectrometers;  and  maea  spectra  were 
obtained  or  a LK3  9C00  mass  spectrometer. 

4. 1 Toluene 

Methyl  benzene 
0.08-88-3) 

Source:  Mallinckrodt 
Lot  BPB 

Catalog  No.  8608 


Identity 

IR — The  ir  spectrum  was  consistent  with  the  proposed  struc- 
ture as  well  as  with  Sadder  Reference  No.  419  for  toluene.  The  fol- 
lowing bends  were  observed:  (neat)  3.35  (“C-H,  aromatic),  3.5  (C-H, 
methyl),  5-6  (aromatic  overtones,  mono- substituted  benzene),  6.2,  6.85 
(C-C,  ring),  9.7,  lJ.7  (0-E),  7.3,  8.5,  9.25,  11. 3 um. 


Nmr — The  nmr  spectrum  was  consistent  with  f.ha  proposed  struc- 
ture, The  following  chemical  shifts  were  observed,  and  the  number  of 
protons  each  signal  represents  was  determined  from  signal  integrals: 

6 2.32  (singlet,  CH»);  6 7.17  (singlet,  Ha> . 

uv  (Methanol) — \ = 209.0  ran,  A = 0.397,  e ® 6590 

max 

A = 263.0  nra,  A - 0.016,  e = 256. 
max 

Purity  (>95%) 

Elemental  Analysis — 

Anal,  for  C^Hg:  Calcd:  C,  91.25;  H,  8.75 
Found:  C,  91.30;  II,  8.64. 

High-Pressure  Liquid  Chromatography—  One  peal:  was  obsetved 
representing  100%  of  total  peak  area.  The  following  hplc  conditions 
were  used: 

• Column:  4 mm  ID  x 30  cm  u BondapaV.  (Waters  Ar.&oc.) 

• Solvent:  50%  ri  0/50%  CH30H 

• Flow  Rate:  1.-6  ul/’min 

• Detection:  uv  at  254  rm 

3 Average  retention  t^me.  773  sec  toluene  100%. 

Gas  Chromatography — One  major  cotaponer.t  (lepresenting  95.4% 
of  total  peak  areas)  and  at  least  six  minor  components  *cie  observed 
by  gc  under  the  following  conditions: 

» Column:  5'  x 4 mm  glass  column  packed  with  10%  DC-200  on 
Chromasorb  W-i?  80/100. 

• Temperature:  110  to  220°C  at  4°/min. 

• Flow  rate:  30  mi/min  N^. 

• Detection:  Flame  ionization. 

• Retention  time:  66  s :c  toluene.  89.4%. 
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Fictmz  7 INFRARED  SPECTRUM  of  toluene 
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4.2  2-Sitrotolo— 

l-Hathyl-2-nitrob«»ann 

138-72-21 


Source:  Eaptaa  Organic.  OweleaU 
No  lot  llstad 
Catalog  80.  It 3 


jdwt  It  y 

Ir— Th*  lr  spec  tr  is*  fOMt«C«nt  with  thv  proposed  structure 

<■  well  a*  with  Sadttrr  Mo.  4fcft2  far  2-nitrotoluene.  The 

following  band*  were  observed:  (neat)  1.1  (*C-ISt  aroutlc),  3.4  (C-H , 
■ethyl).  5-6  (arowtU  overtone*,  ortho-bensencid  substitution),  6,2, 

6.8  <OC.  ring),  6.5  2.6  (M-O) . 9.5.  9.6  (C-H) . If. 6 (C-M,  aroawtic  N02>, 
8.1.  8.6.  8.7,  4.2.  10.4.  12.2.  14.5  urn. 

M»r--rhc  near  • pec tru*  wan  consistent  with  the  proposed  sttuc- 
ture.  The  following  cheat cal  shifts  were  observed . and  the  number  of 
proton,  each  signal  represent*  wa«  determined  fro«  signal  integrals: 

( OTJC 1 1 : * 2.60  (singlet.  1H)  CH_;  4 7.40  (■ultlplet,  3H>  H ; 

1 13 

.‘.91  Uniltlplet,  H)  H.  , J . ■ 8 cps)  , J,  * 7.5,  J.  , “ 3). 

d a-b  b— a d— a 

uv  Methanol)—  • - 207.2  na,  A - 0.590,  e - 10,900 

— — . - - — — - onx 

m 257.0  no,  A - 0.295,  e * 5440. 

■ax 

rujritjr  (99.51  * 0.5) 

El— sntal  Analysis — 

Anal,  for  C^HO  : Calcd:  C,  61.3;  H,  5.1;  N,  10.2 

Found:  C,  61.02;  H,  4.98;  N,  10.24. 
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High- Treasure  Liquid  Chromatography — One  peak  representing 
100X  of  total  peak  areas  was  observed  by  hplc.  The  following  hplc  ren- 
ditions were  used: 

• Column:  4 ram  IL  x 30  cm  y Bondapak  C^g  (.Waters  Assoc.) 

• Solvent:  50%  H20/50%  CHgOH 

• Flow  rate:  1.6  ml/min 
Detection:  uv  at  254  nm 

• Average  retention  tit-e : 827  sec  2-nitrotoluene  100%. 


Gas  Chromatography — One  major  component  (representing  09.0% 
of  total  peak  areas)  and  two  minor  components  were  observed  by  gc  under 
the  following  conditions: 

« Column:  5*  x 4 ram  glass  column  packed  with  10%  DC- 200  on 
Chromasorb  W-KP  80/100. 

• Temperature:  100  to  220#C  at  A^/min 

• Flow  rate:  20  ml/ni.'n  N?. 

• Detection:  Flame  ionization. 

• Retention  time:  412  a »c  2-mtrotolu«ne  99.0%;  KJ*  se. 
impurity  0.5%;  519  sec  inpur  1 tv  0.5%. 
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SAPTLEP.  4*^-  THICKNESS OPERATOR  C 


THTS  a*  1*5  BiSl'  QUAt'tTY  PRAC_IC-*iILE 
•^KOiS  C\)PY  S tlfcU)  if  LAjQ 


4.3  4-Nitrotoluens 

CH, 

l-Methyl-4-nitrobenzene 

[99-99-0] 

Source : Matheson  Company 

NO, 

Lot  No.  303117 
Catalog  No.  2799 


Identity 


Ir — The  ir  spectrum  was  consistent  with  the  proposed  structure 
as  well  as  with  Sadtler  Reference  No.  4693  for  j>-nitrotoluene.  The 
following  bands  were  observed:  (thin  film  in  CHCl^)  3.4  (=>C-H,  aromatic) 
3.5  (C-H,  methyl),  5-6  (aromatic  overtones,  para-benzenoid  substitution), 
6.2,  6.8  (C-C,  ring),  6.5,  7.4  (N«=0) , 9.6,  9.8  (C-H;,  11.6  (C=N,  aromatic 
N02),  4.1,  8.3,  8.5,  9.05,  10.5,  14.7  pm. 


Nmr — The  nmr  spectrum  was  consistent  with  the  proposed  struc- 
ture. The  following  chemical  shifts  were  observed,  and  the  number  of 
protons  each  signal  represents  was  determined  from  signal  integrals: 

(CDC1„) ; 6 2.43  (singlet  CHJ ; 6 7.29  (doublet,  H , J v - 8 cps) ; 

J J a a-b 

6 8.06  (doublet,  ^ * 8 cps). 

uv  (Methanol) — A = 260. ^ nm,  A ■ 1.392,  c ■ 8490 
max 

A = 215.6  nm,  a ■ 1.255,  e =*  7650 
max 

A - 273.2  nm,  A - 1.551,  e - 9460. 
max 

Purity  (100%) 

Elemental  Analysis — 


Anal,  for  C2H^N02:  Calcd: 

Found : 


C,  61.3;  H,  5.1;  N,  10.2 
C,  60.97;  H,  5.06;  N,  10.24. 


High-Pressure  Liquid  Chromatography — Ona  peak  (representing 
100%  of  total  peak  areas)  was  obtained  by  hplc.  The  following  hplc  con- 
ditions were  used: 

• Column:  4 an  ID  x 30  cm  1J  Bondspak  C _ (Waters  Assoc.) 

lo 

o Solvent:  50%  H20/50%  CH^H 

• Flow  rate:  1.6  ml/min 

• Detection:  uv  at  254  nra 

• Retention  time:  860  sec  4-nitrotoluene  ICO*' 

Gas  Chromatography — One  peak  (representing  100%  of  total  peak 
areas)  was  observed  by  gc  under  the  following  conditions: 

• Column:  5'  x 4 mm  glass  column  packed  with  10%  DC-200  on 
Chromasorb  W-HP  80/100. 

• Temperature:  100  to  220°C  at  4°/min. 

• Flow  rate:  20  ml/min  N2> 

• Detection:  Flame  ionization. 

• Retention  time:  33  sec  4-nitrotoluene  100%. 
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_ bEST  QUALITY  ?RiO TICA3IJ 

SSEES*.**"  ' 


*•* 


Smtc*:  lUrkti  Ofinl  0 mum 
ft  •».  Cl uu 
Cm lata*  a*.  U.OH-1 


ldect_t§« 

I;  — TVr  it  tf*(iria  vm  tonsiittnt  with  the  proposed  structure. 
TW  ksmd*  were  observed:  (KBr  pellet)  3.0  broad  (Intel molecular 

K»dr<»*e,t -bonded  iVh),  1.4S  (t'-H).  6.3,  6.9  (OC,  ring),  6.6,  7.5  (N«0) , 

:.4  tivg),  g.*  <t  *i  > , 9.4,  9.7  (C-H),  11.7  (C-N,  aromatic  N02),  10.4, 
i:.  ■ . l ».  i s .« 


>tair — The  nmr  spectrum  was  consistent  with  the  proposed  struc- 
ture. The  following  chemical  shifts  w.'re  observed,  and  the  number  of 
protons  each  signal  represents  was  determined  from  signal  integral: 

(CDClj):  >5  6.84  (doublet  of  multiplet,  1H,  Jg  ^ = 7 cps) 

6 7.00  (doublet  of  multiplet,  1H,  J ■ 7 cps)  H 

c— D c 

5 7.31  (doublet,  0.5H,  a « 7 cps) 

6 7.45  (doublet,  0.5H,  c » 7 cps)  H^. 

uv  (Methanol) — \ * 213.6  nra.  A*  1.118,  e * 9240 

max 

X = 271 .0  run,  A ■ 0 . 198,  e • 1640. 
max 


Purity  (.98.9%  ± 1.1) 

Elemental  Analysis — 

Anal,  for  C?H  N03:  Calcd:  C,  54.9;  H,  4.61;  N,  9.15 

Found:  C,  54.60;  H,  4.5?;  N,  9.15. 
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High-Prensure  Liquid  Chromatography — One  major  component 
(representing  97.8%  of  total  integrated  peak  areas)  and  two  minor  com- 
ponents were  observed  by  hplc.  The  following  hplc  conditions  were  used: 


Column:  4 mm  ID  x 30  cm  p Bondapak  C 
Solvent:  50%  H20/50%  CH^OH 
Flow  rate:  1.6  al/niin 


(Waters  Assoc.) 


* Detection:  uv  at  254  nm 

• Average  re tern. ion  time:  307  sec  3- methyl-2-nitrophenol 
97.8%;  31  sec  impurities  2.2%  (two  peaks  not  separated). 


Gas  Chromatography — One  major  peak  (representing  100%  of  total 
peak  areas)  was  observed  by  gc  under  the  following  conditions: 

r Column:  5’  x 4 mm  glass  column  packed  with  10X  DC-200  on 
Chiomasorb  W-HP  89/100. 

• Temperature:  95  to  220JC  at  4“ /min. 

• Flow  rate:  30  ml/fcin  N> . 

• Detection:  Flame  ionization. 

• Retent  Ion  time:  5<>8  sec  1-methv  L-J-nitrophenol  100%. 
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4.5  5-Methyl-2-Nltrophenol 
[700-38-9] 


OH 


Source:  Aldrich  Chemical  Company 
Lot  No.  122929 
Catalog  No.  13,779-0 

Identity 

Ir — The  ir  spectrum  was  consistent  with  the  proposed  structure. 
The  following  bands  were  observed:  (KBr  pellet)  3.0  (intermolecular 
!I-bonded  0-H) , 3.3  (C-H,  aromatic),  6.3,  6.8  (C*C,  ring),  8.5  (C-0) , 

11.4,  11.9  (C-N,  aromatic  NO^,  9.25,  10.5,  12.2,  13.25,  13.65  um. 

Nmr — The  nmr  spectrum  was  consistent  with  the  proposed  struc- 
ture. The  following  chemical  shifts  were  observed,  and  the  number  of 
protons  each  signal  represents  was  determined  from  signal  Integrals: 

6 2.40  (singlet,  3H)  CH3;  6 6.77  (doublet,  H,  J - 9 cps)  Ha 
6 6.93  (singlet,  H)  <5  7.97  (doublet,  0.1H,  J * 9 cps)  Hc 
6 10.57  (singlet,  H)  OH. 

uv  (Methanol) — A = 214.5  nra,  A = 1.287,  e * 13000 

1 max  ’ 

A = 286. 0nm,.A  = 0.747,  e - 7560 
max 

A = 348. Onm,  A- 0.390,  e - 3950. 
max  ’ 

Purity  (99.65%  + 0.35) 

Elemental  Analysis — 

Anal,  for  C^NO^  Calcd:  C,  54.9;  H,  4.61;  N,  9.15 

Found:  C,  54.99  H,  4.59;  N,  9.06. 


High-Pressure  Liquid  Chromatography — One  major  component 
(representing  99.3%  of  total  peak  areas)  anH  one  minor  component  were 
observed  by  hplc.  The  following  hplc  conditions  were  used: 

• Column:  4 mm  ID  y 30  cm  y Bondapak  C1Q  (Waters  Assoc.) 

lo 

• Solvent:  50%  ri20/50%  CH^OH 

• Flow  rate:  1.6  ml/min 

• Detection:  uv  at  254  nm 

• Average  retention  time:  503  sec  5-methyl-2-nitrophenol 
99.3%;  143  sec  impurity  0.7%. 

Gas  Chromatography — One  major  peak  (representing  100%  of  total 

peak  areas)  was  observed  by  gc  under  the  following  conditions: 

\ 

*•  Column:  5'  x 4 mm  glass  column  packed  with  10%  DC-200 
on  Chromasorb  W-HP  80/100. 

• Temperature:  95  to  220° C at  40/miu 

• Flow  rate:  30  ml/min' Nj 

• Detection:  Flame  ionization 

• Retention  time:  657  sec  5-methyl-2-nitrophenol  100%. 
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4.6  1. 3-Dinitroben2ena 

199-65-0] 


Source:  Eastman  Organic  Chemicals 
Lot  No.  601-344 

Catalog  number  no  longer  available 

Identity 

Ir — The  ir  spectrum  was  consistent  with  the  proposed  structure 
as  well  as  with  Sadtler  Reference  No.  81  for  m-dinitrobenzene  (KBr  wafer). 
The  following  bands  were  observed: 

(1)  (KBr  pellet)  3.25  (C-H,  aromatic),  62,  6.8  (C*C,  i^nr^, 

6.5,  7.4  (N-0)  9.35  (C-H),  11.9  (C-N,  aromatic  NO  ) , 

10.9,  12.2,  13.7,  14.0  pm. 

(2)  (Thin  film  in  CHC13) , 3-5  (C-H,  of  CHClj),  5-6  (aromatic 
■ overtones — possibly  not  all  meta-benzenoid  substitution) 

pm. 

Nmr — The  nmr  spectrum  was  consistent  with  the  proposed  struc- 
ture. The  following  chemical  shifts  were  observed,  and  the  number  of 
protons  each  signal  represents  was  determined  from  signal  integrels: 


6 7.85  (triplet,  1H,  J - 8 cps)  H 

a 

6 8.55  (doublet  of  doublets,  2H,  J - 8 cps,  J « 2 cps) 

6 9.05  (doublet  of  doublets  1 H,  J ■ 2 cps,  J * 2 cps)  K . 

uv  (methanol — \ m 233.8  tira,  A ■ 1.354,  e « 17700. 
max  ' 

Purity  (100%) 

Elemental  Analysis — 

Anal,  for  C^H^NjO^:  Calcd:  C,  42.9;  H,  2.4;  N,  16.7 

Found:  C,  42.65;  H,  2.43;  N , 16.43. 
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High-Pressure  Liquid  Chromatography — One  peak  representing 
100%  of  the  total  peak  area  was  observed  by  hplc,  The  following  hplc 
conditions  were  used: 


Column: 


4 mm  ID  x 30  cm  p Bondapak  (Waters  Aasoc.) 


• Solvent:  50%  H20/50%  CH30H 

• Flow  rate:  1.6  ml /min 

• Detection:  uv  at  254  nm 

• Average  retention  time:  382  sec  1,3-dinitrobenzene  100%. 


Gas  Chromatography — One  peak  (representing  1C0%  of  the  total 
peak  areas)  was  observed  by  gc  under  the  following  conditions: 

« Column:  5'  x 4 mm  glass  column  packed  with  10%  DC -200  on 
Cliromasorb  W-HP  8/100. 

• Temperature:  100  to  220° C at  4° /min . 

• Flow  rate:  20  ral/min  N2 . 

• Detection:  Flame  ionization. 

• Retention  time:  607  sec  1,3-dinitrobenzene  100%. 
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A ..  7 2 , 6-1'lnitro  toluene 

2-M*thyl-l , 3-dinitrobens*ne 

1606-20-2]  CH, 

Source : Aldrich  Cheeaical  Ccmpery 
Lot  No.  0319A7 
Catalog  No.  020 ( 060-3 

Identity 

Iv — The  lr  spectrum  was  consistent  with  the.  proposed  structure 
as  well  as  .*ith  Sadtler  Reference  No.  17378  for  2,6-dinitrotoluone  (K3r 
wafer).  The  following  bands  were  observed: 

(1)  (KBr  pellet)  3.3.  (-C-H,  aromatic),  6.2,  6.**  (C»C,  ring), 
6.5,  7.4  (r>0),  11.85  (C-N,  aromatic  NOo) , 13.7  (C-H) , 

8.3 , 9.2,  10.1,  11.15,  12,15,  1A.1  pm. 

(2)  (Thin  film  in  CHCI3)  5-6  (aromatic  overtones)  ym. 


Nmr — The  nwr  spectrum  war  consistent  with  the  proposed  struc- 
ture. The  following  chemical  shifts  were  observed,  and  the  number  of 
protons  each  signal  represents  was  determined  from  signal  integrals: 


6 2.60  (singlet,  3H)  CH^;  6 7.57  (triplet,  ri,  J ■»  3 cps) 
>5  8.03  (dcublet,  2H,  J * 9 cps)  H . 

d 


uv  (Methanol) — X * 207.  A urn,  A 0,  770,  s * 13600 
max 

X - 232.0  ns:,  A * 0.591,  e-  10AG0. 
max  ’ 


Purity  (99.5%  ± 05' 

Elemental  Analysis — 

Anal,  for  C^H^N^O^:  Calcd:  C,  A6.2;  H,  3.3;  N,  15. A 

Found:  C,  46.00;  H,  3.30;  N,  15. A6. 
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High-Pressure  Liquid  Chromatography — One  peek  (representing 
1002  of  che  total  peak  areas)  was  observed  by  hplc.  The  following  hplc 
conditions  were  used: 

e Column:  4 mm  ID  x 30  cm  p Bondapak  C^g  (Waters  Assoc.) 
e Solvent:  502  H20/502  CH^OH 
e Flow  Rate:  1.6  ml /win 
e Detection:  uv  at  254  nm 

e Average  retention  time:  506  sec  2 ,6-dinitrotoluene  1002. 

Gas  Chromatography — One  major  component  (repi <.  renting  992  of 
the  total  integrated  peak  areas)  and  one  minor  component  were  observed  by 
gc  under  the  following  conditions: 

e Column:  5'  x 4 nm  glass  column  packed  with  102  DC-200  on 
Chromasorb  V/-HP  80/100. 

a Temperature:  100  to  200°C  at  4°  .in. 

a Flow  rate:  20  ml/mln  . 

a Detection:  Flame  ionization. 

a Retention  time:  649  sec  2 ,6-dinitrotoluene  99.02;  773  sec 
impurity  1.02. 
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fICDKK  43  DV  SPECTXtM  Of  2 , 6-DMITK0TO(jnun 


A.  8 2 , 5-T>inltrotoluene 

2-Methyl- 1,4-dinitrobenzene 
[619-15-8] 


NO- 


Source : Synthesis , SRI 


HOAc 

H2S04  y 
HgOg 

53* 


Identity 

Ir — The  ir  spectrum  was  consistent  with  the  proposed  structure. 
The  following  bands  were  observed: 

(1)  (KBr  pellet)  3.3  (®C-H,  aromatic),  3.5  (C-H,  methyl),  6.5, 
7.4  (N-0),  6.8  (C-C,  ring)  9.68,  13.7  (C-H),  11./,  11.9 
(C-N  stretch,  aromatic  NO2),  7.1,  8.7,  9.0,  10.7,  11.1, 
12.48  pm. 

(2)  (Thin  film  in  C1ICI3)  5-6  (aromatic  overtones)  pm. 


Nmr — The  nmr  spectrum  was  consistent  with  the  proposed  struc-  ' 
ture.  The  following  chemical  shifts  were  observed,  and  the  number  of  j 
protons  each  signal  represents  was  determined  from  signal  integrals: 

i 


6 2.70  (singlet,  3H)  CH3;  <5  8.22  (multiple!,  3H)  H. 


uv  (Methanol) — X » 207.0  nm,  1.405,  t m 16,000 

i max  1 

- 258.2  am.  A-  0.972,  e « 11,500 

mix 

a ■ 300. Onm,  km  0.205,  e u 2420. 
max 
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Purity  (99.99%  ± 0.1) 


Elemental  Analysis — 

Anal,  for  C^N^:  Calcd:  C,  46.2;  H,  3.3;  N,  15.4 

Found:  C,  46.16;  K,  3.41;  N,  15.45. 

High-Pressure  Liquid  Chromatography — One  peak  representing  100% 
of  the  total  peak  areas  was  observed  by  hplc . The  following  hplc  condi- 
tions were  used: 

• Column:  4 mm  ID  x 30  cm  y Bondapak  C^g  (Wa  ers  Assoc.) 
a Solvent:  50%  H20/50%  CH^OH 

• Flow  rate:  1.6  ml/min 

• Detection:  uv  at  254 

• Average  retention  time:  521  sec  2 ,5-dinitrotoluene  100%. 

Gas  Chromatography — One  major  component  (representing  99.98% 
of  the  total  peak  areas)  and  one  minor  component  were  observed  by  gc 
under  the  following  conditions: 

• Column:  5'  x 4 mm  glass  column  packed  with  10%  DC-200  on 
Chromasorb  W-HP  80/100. 

« Temperature:  100  to  220°C  at  4°/min. 

• Flow  rate:  20  ml/min  N2 . 

• Detection:  Flame  ionization. 

a Retention  time:  718  sec  2, 5-dinit rot oluene  99.98%;  664  sec 
impurity  0.02%, 
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4.9  2 . 4-Dlnltrotoluena 

1-Methy 1-2 , 4-dlnitrobenxans 
1121-14-2] 


Source:  ICN 

Lot  No.  54822 
Catalog  No.  5758 


Identity 

Ir — The  ir  spectrum  was  consistent  with  the  proposed  structure 
as  well  as  with  Sadtler  Reference  #175  for  2 ,4 -dinit rot oluene  (KBr  pellet). 
The  following  bands  were  observed: 

(1)  KBr  pellet  3.25  (-C-H,  aromatic).  3.5  (C-H,  methyl),  6.2, 
6.9  (C-C,  ring),  6.5,  7.4  (N-0)  , 9.38,  9.7,  13.6  (C-H), 

11.8  (C-N,  aromatic  N02) , 7.5,  8.3,  8.7,  8.8,  10.2,  10.95, 
12.6,  13.05,  14.15  pm. 

(2)  (Thin  film  in  CHCI3)  5-6  (aromatic  overtones— 1,2,4- 
beuzenoid  substitution)  pm. 


Nmr — The  mar  spectrum  was  consistent  with  the  proposed  struc- 
ture. The  following  chemical  shifts  were  observed,  and  the  ntanber  of 
protons  each  signal  represents  was  determined  from  signal  integrals: 

6 2.78  (singlet,  3K)  CH3;  6 7.67  (doublet,  H,  J - 9 cps)  Ila 

6 8.38  (quartet,  H;  # « 9,  " 2.5) 

6 8.73  (doublet,  H,  J - 2.5)  Hc . 

uv  (Methanol) — A ■ 207.0  n»,  A ■ 0.624,  t “ 11,100 

" " ux 

A * 240 . 0 nm,  A “0.809 , c “ 14,300. 
max 


Purity 

Elemental  Analysis — 

Anal,  for  C^N^:  Calcd:  C,  46.2;  H,  3.3;  N,  15.4 

Found:  C,  46.21;  H,  3.37;  N,  15.43. 
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High-Pressure  Liquid  Chromatography — One  major  component 
(representing  99.52  of  the  total  peak  areas)  and  one  minor  component  were 
observed  by  hplc.  The  following  hplc  conditions  were  used: 

w Column:  4 mm  ID  * 30  cm  p Bondapak  C^g  (Waters  Assoc.) 

e Solvent:  502  H20/502  CH30H 

s Flow  rate:  1.6  ml/min 

s Detection:  uv  at  254  nm 

e Retention  time:  591  sec  2 ,4-dinitrotoluene  99.52;  545  sec 
impurity  0.52. 

Gas  Chromatography — One  major  component  (representing  98.32 
of  the  total  peak  areas)  and  two  minor  coa^onents  were  observed  by  gc 
under  the  following  conditions: 

• Column:  5'  * 4 mm  glass  column  packed  with  102  DC-200  on 
Chromaaorb  W-HP  80/100. 

• Temperature:  100  to  220*C  at  4*/min. 

• Flow  rate:  20  ml/min  N2> 

• Detection:  Flame  ionisation. 

e Retention  time:  787  sec  2 ,4-dinitrotoluene  98.32;  673  sec 
impurity  1.4Z;  734  sec  impurity  0.32. 
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4000  3000  2000  1500  CM-i  1000  900  800  700 


Carrier  

R::.i SOi r'Jr'x 


4.10  2 , 3-Dinitro toluene 

1-Methyl- 2 , 3-dlnltrobenzene 
1602-01-71 


Source:  Synthesis,  SRI 


Identity 


Ir — The  ir  spectrum  was  consistent  with  the  proposed  structure. 
The  following  bands  were  observed: 

(1)  (KBr  pellet)  3.3  (*0-11,  aromatic),  3.5  (C-H,  methyl),  6.2, 
6.9  (OC,  ring),  6.5,  7.45  (N-0) , 9.3,  9.55  (C-H),  11.7 
(C-N,  aromatic  N02),  7.3,  8.4,  8.54,  10.8,  12.35,  13.45, 
14.2  wm. 
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(2)  (Thin  film  in  CHC1-)  5-6  (aromatic  overtones — not  pure 
1,2 ,3-benzenoid  substitution)  pm. 

Nmr — The  nmr  spectrum  was  consistent  with  the  proposed  struc- 
ture. The  following  chemical  shifts  were  observed,  and  the  number  of 
protons  each  signal  represents  was  determined  from  signal  integrals: 

6 2.45  (singlet,  3H)  CH,;  6 7.65  (mult ip let,  2H)  H , 

j dad 

6 8.03  (quartet,  H,  J,  , - 7 cps,  J,  ■ 3.5  cps)  IL  . 

d— a d— a d 

uv  (Methanol) — X ■ 206.5  nm,  A ■ 0.933,  e * 16,000 
max 

X ” 254.0  nm,  A • 0. 362 , e ■ 6220. 
max 


Purity  (100%) 

Elemental  Analysis — 

Anal,  for  C^N^:  Calcd:  C,  46.2;  H,  3.3;  N,  15.4 

Found:  C,  46.13;  H,  3.38;  N,  15.35. 

High-Pressure  Liquid  Chromatography — One  peak  representing 
100%  of  the  total  peak  areas  was  observed  by  hplc.  The  following  hplc 
conditions  were  used: 

• Column:  4 mm  ID  x 30  cm  p Bondapak  (Waters  Assoc  ) 

• Solvent : 50%  H20/50%  CH30H 

• Flow  rate:  1.6  ml/min 

• Detection:  uv  at  254  nm 

• Average  retention  time:  589  sec  2 ,3-dinitrotoluene  100%. 

Gas  Chromatography — One  peak  (representing  100%  of  the  total 
peak  areas)  was  observed  by  gc  under  the  following  conditions: 

s Column:  5'  * 4 mm  glass  column  packed  with  10%  DC-200  on 
Chromasorb  W-HP  80/100. 

s Temperature:  100  to  200*C  at  4*/mln. 

• Flow  rate:  20  ml/min  Nj. 

• Detection:  Flame  ionisation. 

e Retention  time:  756  sec  2 ,3-dinitrotoluene  100%. 


126 


4000  3000 


3“  «1 


C-  5.81 

A aoir  A ~ .*33 

f : a««  rvf  r /60OC 
A - . 3tJ 

^ 2irM4  1 G«2^0 


ncuut  63  UV  tnCTVDM  or  2,3-DJBUITaOTOLUBnt 
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4.11  3, 


Itrotoli 


(618-03-93 


Source : Synth*asis , SRI 


Identity 

I r — The  ir  spectra  was  consistent  with  the  proposed  structure 
The  following  bands  were  observed ; 

(1)  (Or  pellet)  3.25  (-C-H,  aroewtic),  3.5  (C-B,  Methyl), 
6.25,  6.85  (C-C,  ring),  6.5,  7.6  (H-0),  9.55,  13.65  (C-H) 
8.9,  9.3,  10.5,  10.9,  11.05,  11.1,  12.4,  13.1  m. 

(2)  Br  pellet)  5-6  (arowtic  overtones — possibly  1,3,5- 
benzenoid  substitution)  uu. 


Nmr — The  nmr  spectrum  was  consistent  with  the  proposed  structure. 
The  following  chemical  shifts  were  observed,  and  the  number  of  protons 
each  signal  represents  was  determined  from  signal  integrals: 


6 2.69  (singlet,  31.)  CE„;  6 8.41  (singlet,  2H)  H ; 

j a 

6 8.81  (singlet,  H)  Hg. 


uv  (Methanol) — X = 203.0  nm,  A = 0.605,  c ~ S530 
max 

X = 239.4  nm,  A=  1.113,  e = 17,500 
max  ’ * 

X = 30C .0  nm,  A = 0.104,  e = 1640. 
max 

Purit'y  (100%) 

Elemental  Analysis — 

Anal,  for  C^N^O  : Calcd:  C,  46.2;  H,  3.3;  N,  15.4 

Found:  C,  46.33;  H,  3.37;  N,  15.25. 


High-Pressure  Liquid  Chromitography — One  peak  representing 
100%  of  the  total  peak  areas  was  observed  by  hplc.  The  following  hplc 
condition  were  used: 

• Column:  4 mm  ID  * 30  cm  p Bondapak  C^g  (Waters  Assoc.) 

• Solvent:  50%  H20/50%  CH^OH 

• Flow  rate:  1.6  ml/min 

• Detection:  uv  at  254  nm 

• Average  retention  time:  589  sec  3 ,5-dinitrotoluene  100%. 


Gas  Chromatogrophy — One  peak  (representing  100%  of  the  total 
areas)  was  obtained  by  gc  under  the  following  conditions: 

• Column:  5’  * 4 rim  glass  column  packed  with  10%  DC-200  on 
Chromasorb  W-HP  80/100. 

• Temperature:  100  to  220°C  at  4° /min. 

• Flow  rate:  20  ml/min  l^. 

• Detection:  Flame  ionization. 

• Retention  time:  7P9  st  ,5-dinitrotoluer.e  100%. 


r *>'*>*' 
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♦Till 


140 


4.12  3 . 4-Dinit rotoluena 

4-Hathyl-l » 2 -dinitrobenzene 

[610-39-9]  eg. 


Source:  Aldrich  Chemical  Company 
Lot  No.  AB  082467 
Catalog  No.  14,812-1 


Identity 

Ir-  The  ir  spectrum  was  consistent  with  the  propored  structure. 
The  following  bands  were  observed: 

(1)  (KEr  pellet)  3.3  («C-H,  aromatic),  3.5  (C-E,  methyl),  6.2, 
6.8  (C-C,  ring),  6.5,  7.4  (N-0) , 9.6,  13.5  (C-H) , 11.8 
(C-N,  aromaclc  N02) , 8.2,  8.6,  8.75,  10.28,  10.8,  11.15, 
12.55,  13.3,  14.55  pm. 

(2)  (KBr  pellet)  5-6  (aromatic  overtones)  pm. 


Nar — The  nmr  spectrum  was  consistent  with  the  proposed  struc- 
ture. The  following  chemical  shifts  were  observed,  and  the  number  of 
protons  each  signal  represents  was  determined  from  signal  Integrals: 

6 l . 56  (singlet,  3H)  CH3;  6 7.65  (doublet,  H ; J ■ 3 cps)  H; 

<1 

6 7.82  (singlet,  J^)  1^;  6 7.95  (singlet,  Hc)  H,. 

uv  (Methanol ) — A ■ 2 1 7.0  nm,  A * 0.910,  r • 13,300 

» max 

A ■ 260.  5 nm,  A ■ 0.421 , c ■ 6150. 
max 


Purity  (99.97.  ? 0.12) 

Elemental  Analysis — 

Anal,  for  C^N^:  Calcd:  C,  46.2;  H,  3.3;  N,  15.4 

Found:  C,  46.00;  H,  3.35;  N,  15.32. 


UJ 


High-Pressure  Liquid  Chromatography — One  peek  representing 
100Z  of  the  total  peak  areas  was  observed  by  hplc.  The  following  hplc 
conditions  were  used: 

• Column:  4 mm  * 30  cm  jj  Bondapak  Cjg  (Waters  Assoc  0 

e Solvent:  50Z  H20/50Z  Cl^OH 

• Flow  rate:  1.6  ml/min 

• Detection:  uv  at  254  nm 

• Retention  tine;  517  cec  3,4-dinitrotolueae  100Z. 

Gas  Chromatography — One  major  component  (rapr -lent  lag  99. 8Z 
of  the  total  peak  areas)  and  one  minor  component  were  ooservee  by  gr 
under  the  following  conditions: 

• Column:  5'  * 4 mm  glass  column  packed  with  10Z  DC -200  on 
Chromes orb  W-HP  80/100. 

• Temperature:  100  to  220*C  at  4c/min. 

e Flow  rate:  20  ml /min  M^. 

• Detection:  Flame  ionization. 

• Retention  time:  837  sec  3,4 -dinit rotoluene  99. 8Z;  757  sec 
impurity  0.2Z. 
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4.3.3  4 , S-Dlnitro-m-Xylane 

1 , 5-Dimethyl~2 , 4-dinitro'5enzene 
[616-77.-8] 


Ir — The  ir  spectrum  wap  consistent  with  the  proposed  structure. 
The  following  bands  were  observed: 

(1)  (KBr  pellet)  3.25  (=C-H,  aromatic),  3.4,  3.5  (C-H,  methyl), 
6.2,  6.85  (C=C , ring),  6.5,  7.45  (N=0) , 9.65,  13.4  (C-H), 
11.62  (C-N,  aromatic  NO2) , 7.88,  8.55,  10.85,  11.3,  11.9, 
12.9,  13. 75,  14.35,  14.9  pm. 

(2)  (Thin  film  in  ChCl3)  5-6  (aromatic  overtones)  pm. 

Nmr--The  nmr  spectrum  was  consistent  with  the  proposed  struc- 
ture. The  following  chemical  shifts  were  observed,  and  the  number  of 
protons  each  signa  represents  was  determined  from  signal  integrals: 

6 2.72  (singlet,  6H)  CH3;  6 7.43  (singlet,  H)  Ha 
6 8.57  (singlet,  H) 

uv  (Methanol)  — A = 207.4  nm,  A = 0.926,  c = 8420 
— - — 1 ■■  ■ max 

A = 249.4  nm,  A H 1. 121,  f-  “ 10,200. 
max 

Purity  (99.0  ± 1%) 
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, jMd&MNilbiA  tdbd zjL*  . 


Element  a].  Analysis — 


Anal,  for  CgltgN^:  Calcd:  C,  49.0;  H,  4.1;  N,  14.3 

Found:  C,  48.79;  4. ±2;  N,  14.17. 


Hlj?h-Pre3sure  Liquid  Chromatography — One  peak  representing 
100%  of  the  total  peak  areas  wan  observed  by  hple.  The  following  hplc 
conditions  were  used: 


• Column:  4 mm  ID  * 30  cm  p Bondapak  (.Waters  Assoc.) 

• Solvent:  50%  1^0/50%  CH^OH 

• Flow  rate:  1.6  ml/min 

« Detection:  nv  at  254  nm 

« Average  retention  time:  853  sec  4 ,6~di.’iit ro-m-xylene  100%. 


Gas  Chromatography — One  major  component  (representing  98.0%  of 
the  tetal  peak  areas)  and  two  minor  components  were  observed  by  gc  under 
the  following  conditions: 

• Column:  5'  x 4 mm  glass  column  packed  with  30%  DC-200  on 
Chromasorb  W-HP  80/100. 

• Temperature:  110  to  220  C at  4 /tr.in. 

• Flow  rate:  30  ml/min 

• Detection:  Flnme  ionization. 

• Reten  ion  time:  1028  sec  4 ,6-dinit vo-m-xylene  98.0%;  820 
sec  impurity  1.06%;  1442  sec  impurity  0.94%. 
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El— — tal  Anxlyals — 

Anal,  lor  C^M^:  Calcd:  C,  33.31;  H,  1.42;  E,  19.72 

found:  C.  33.93;  H,  1.44;  S,  17.93. 

Trlnitro  c— pounda  give  low  R analyaia  on  eh*  Parkin  Elver 
CMN  analyrer. 

High-Praseure  Liquid  Chro— soarafthy— One  peak  (representing  1002 
of  the  total  peak  arena)  wt  obaer**d  by  hplc.  The  following  hplc  coodl- 
tlcaa  were  uand: 

a Colu— : 4 — ID  * 30  cn  it  Bondapak  (Vetera  Aaeoc.) 

e Solvent:  50X  HjO/SOZ  Ck-OK 
a Plow  rate:  1.2  wl/nin 
e Detection:  vv  at  234  — 

a Rax— t Ion  tine:  326  a an  1,3,5-trinHrobeuren a 100X. 

Gea  Chro—  toaraphr~0ne  peak  (repr— ting  1002  of  the  total  peak 
arena)  waa  obaarvad  by  gc  under  the  following  cooditlona: 

a Coluwt:  5’  “ 4 — glaaa  colu—  pecked  with  10X  DC -200  cm 
Chromaorb  V-HP  80.100. 

a Teaperanure:  100  to  22C*C  at  4*/»in. 

a Plow  rate:  20  al/aln  H^. 

a Detection:  PLaiae  ionisation. 

a Pet— tion  tlao:  939  aac  1 .3,3-trinltrobenaane  1001. 
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new.  87  UV  SPECTRUM  OF  1 * 3 , 5-TRmiTR0BEHZB!E 


A. 15  2,4, 6-Trlnt.trotoluans 

2 -Ma thy 1-1, 3 , 5-trinitrobenzena 
1118-96-7] 


Source:  E.  I.  duPont 

Lot  number  not  available 


Identity  (recrystallized) 

Ir — The  lr  spectrum  was  consistent  with  the  proposed  structure 
as  well  as  with  Sadtler  Reference  No.  21886  for  2 ,4, 6-dinit rotoluene 
(between  salts).  The  following  bands  were  observed:  (KBr  pellet)  3.3 
(«C-H,  aromatic),  6.2,  6.85  (C-C,  ring)  6.5,  7.4  (N-0),  13.6  (C-H) , 8.3, 
8.55,  10.6,  10.99,  12.58,  13.9  pm. 


Nmr — The  nmr  spectrum  was  consistent  with  the  proposed  struc- 
ture. The  following  chemical  shifts  were  observed,  and  the  number  of 
protons  each  signal  represents  was  determined  from  signal  integrals: 

6 2.39  (singlet,  CH  ) ; 6 8.78  (singlet,  H ). 

J 3 

uv  (Methanol) — X = 226.0  nm.  A*  1.793,  c « 18,700. 
max 

Purity — (Recrystallized,  99.995  ± 0.05%;  crude,  99.6%) 

Elemental  Analysis — 

Anal,  for  C,H,N_0,:  Calcd : C,  37.01;  H,  2.22;  N,  18.50 

Found:  C,  36.95;  H,  2.26;  N,  17.93. 

Trinitro  compounds  give  low  N results  with  the  Ferkin-Elmer 
CHN  analyzer. 
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High-Pressure  Liquid  Chromatography — (2 ,4,6-Trinitroluene, 
recrystallized.)  One  major  component  (representing  99.92  of  the  total 
peak  areas)  and  one  minor  component  were  observed  by  hplc.  The  following 
hplc  conditions  were  used: 

• Column:  4 m ID  * 30  cm  p Bondapak  C^g  (Waters  Assoc.) 

• Solvent:  502  H20/502  CH^H 

• Flow  rate:  1.6  ml/min 

• Detection:  uv  at  254  nm 

• Average  retention  time:  442  sec  2 ,4,6-dinitrotoluene  99.92; 

69  sec  impurity  0.12. 

Gas  Chromatography — 

Crude  2 ,4, 6-trinitrotoluene — One  major  component  (representing 
99.62  of  the  total  peak  areas)  and  one  minor  component  were  observed  by 
gc. 


Recrystallized  2,4,6-trinitrotoluene — One  major  peak  (repre- 
senting 1002  of  the  total  peak  areas)  was  observed  by  gc.  The  following 
gc  conditions  were  used  in  both  cases: 

e Column:  5'  x 4 mm  glass  column  packed  with  10%  DC-200  on 
Chroicasorb  W-HP  80/100. 

• Temperature:  100  to  220°C  at  4° /min. 

• Flow  rate:  20  ml/min  N0. 

• Detection:  Flame  ionization. 

• Retention  time:  988  sec  crude  2 ,4 ,6 -trinitrotoluene  99.6%; 
763  sec  inpurity  0.4%;  1024  sec  recrystallized  2,4,6- 
trinitrotoluene  100%. 
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4. 16  3- Amin o-2 « 4-Dlnitrotolu«n« 

3-M*thy 1-2 , b-dialtrobenxwumine  CHS 


Identity 


Ir — The  ir  spectrum  was  consistent  with  the  proposed  structure. 
The  following  bands  were  observed:  (KBr  pellet)  2.9,  3.0  (N-H,  1°  aromatic 
amines),  3.3  (C-H,  aromatic),  3.4  (C-H,  methyl),  6.2,  6.85  (OC,  ring), 

6.4,  7.4  (N-0),  7.85  (C-N,  1°  aromatic  amines),  9.6,  13.3  (C-H),  11.2 
(C-N,  aromatic  NO2),  7.7,  8.55,  8.85,  11.9,  12.1,  12.95  pm. 

Nmr — The  nmr  spectrum  was  consistent  with  the  proposed  structure. 
The  following  chemical  shifts  were  observed,  and  the  number  of  protons 
each  signal  represents  was  determined  from  signal  integrals: 

6 2.13  (singlet,  3H)  CH.,;  6 6.50  (doublet,  H, 

J = 8.5  cps)  H 

a 

6 7.30  (singlet,  2H)  NH_;  6 7.94  (doublet,  H, 

J = 8.5  cps)  H^. 

uv  (Methanol) — A «*  226.2  nm,  A ■ 1.494,  e ■ 21,700 

* max 

A - 268t0  nm,  A ■ 0.484,  e - 7050 
max 

A - 380.0  nm,  A - 0.336,  e - 4890. 
max 


Purity  (99.82) 


Elgwntil  Analysis — 


Anal,  for  C^N^:  Calcd:  C,  42.65;  H,  3.58;  N,  21.31 

Found:  C,  42.40;  H,  3.54,  N,  21.16. 

High-Pressure  Liquid  Chromatography — One  major  component 
(representing  99.75%  of  the  total  peak  areas)  and  one  minor  component 
were  observed  by  hplc.  The  following  hplc  conditions  were  used: 

a Column:  4 mm  ID  * 30  cm  p Bondapak  C^g  (Waters  Assoc.) 

• Solvent:  50%  H2O/50%  CH^OH 

• Flow  Rate:  1.6  ml /min 

• Detection:  uv  at  254  nm 

• Average  retention  time:  435  sec  3-amino-2 ,4-dinitro toluene 
99.75%;  78  sec  impurity  0.25%. 

Gas  Chromatography — One  major  component  (respresenting  99.76% 
of  the  total  peak  areas)  ^nd  three  minor  components  were  observed  by 
go  under  the  following  conditions: 

• Column:  5'  * 4 mm  glass  column  packed  with  10%  DC-200  on 
Chromasorb  W-HP  80/100. 

e Temperature:  110  to  220°C  at  4°/min. 

• Flow  rate:  30  ml/min  N2. 

• Detection:  Flame  ionization. 

• Retention  time:  1145  sec  3-amino- 2 ,4-dinitrotoluene  99.76% 
276  sac  impurity  0.03%;  427  sec  impurity  0.06%;  973  sec 
impurity  0.15%. 
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Elemental  Analysis — 


Anal,  for  C^H^N^O^:  Calcd:  C,  42.65;  H,  3.58;  N,  21 

Found:  C,  42.40;  H,  3.54,  N,  2| 


(represenc^j 
were  observes 


th-Pressure  Liquid  Chromatography — One  major  con^pi 
»>9.75%  of  the  total  peak  areas)  and  one  mino^Bonponent 
fl^»hplc.  The  following  hplc  conditions  w^^Bised: 

Col<i»  4 mm  ID  x 30  cm  p Bondapak  C^g  (joHers  Assoc.) 


• Solv^^k 

• Flow  kIm 

• Detection 


50%  H20/50%  JHgOH 

kl.6  ml/min 
uv  at  254  nm 


e Average  re^w.ion  time:  435  sec  3-« 
99.75%;  78  m impurity  0.25%.  A 


1-7 » 4'dinitrotoluene 


Gas  Chroma tographl^One  major  compojj 
of  the  total  peak  areas)  andBaree  minor  corh 
gc  mder  the  following  conditJB^: 


^ (teapresenting  99.76% 
•fits  were  observed  by 


<*  Column:  5 * 4 mm  gfiy 

C'ucaw.l)  W-HP  80/J^Pj 

• Temperature:  110  to  22i 

• Flow  rate:  30  nl/mln jM 
9 Detection:  Flam*  tomm 


packed  with  .1.0%  DC-200  on 


It  4* /min. 


•tion. 


• Retention  time:  llflp^c  3 -ami « 
276  aec  impurity  '<27  s*c 

impurity  0.15%. 


, 4-dinitro toluene  99.76% 
hrity  0.06%;  973  see 
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FIGURE  100  UV  SPECTRUM  OF  J-AMINO- 2 , 4-DIKITROTOLUENE 
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ID 

5 Ft 

100  ss 

5 BL 
60  TP 
ARE* 
*76 
160*85 
1 6096 1 T 


4.  J 7 


4-Amiuo-3 , 5 -Din itro toluene 
4 -Ma thy 1-2 , 6-dfnitrob«nzcn*mln« 
16393-42-6] 


Source ; Synthesis , SRI 


CH, 


Identity 


Ir — The  ir  spectrum  was  consistent  with  the  proposed  structure. 
The  following  bands  were  observed: 


(1)  (KBr  pellet)  2.9,  3.0  (N-H,  1°  a omatic  amines),  6.15, 

6.95  (OC,  ring),  6.5,  7,4  IN-0) , 8,0  (C-N,  1°  aromatic 
amines),  11.2  (C-N,  aromatic  NO2),  13.65  (C-H) , 12.55, 

12.95  um. 

(2)  (KBr  pellet)  5-6  (aromatic  overtones)  pm. 


Nar — The  nmr  spectrum  was  consistent  with  the  proposed  structure. 
The  following  chemical  shifts  were  observed,  and  the  number  of  protons 
each  signal  represents  was  determined  from  signal  integrals: 

6 2.20  (singlet,  3H)  CH.,;  6 8.10  (singlet,  2H)  NH2 ; 

6 8.22  (singlet,  2H)  H. 

Peaks  at  2.4  and  3.2  arc  from  DMSO  and  HjO,  respectively. 

uv  (Methanol)— “ 225.0  nm,  A ■ 0.414,  t » 18,300 

X - 252.0  nm.  A- 0.189,  e - 8360. 
max  ’ 

Purity  (97.35  ± 2.2Z) 
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Elemental  Analysis — 


■S'  1 v-M'1"! 


Anal,  for  C^N^:  Calcd:  C,  42.6;  H,  3.6;  N,  21.3 

Found : C,  42.53;  H,  3.51;  N,  20.68. 

High-Pressure  Liquid  Chromatography — One  major  component 
[representing  95.15Z  (avg.)  ct  the  total  peak  areaa]  and  three  minor 
components  were  observed  by  hplc.  The  following  aplc  conditions  were 
used : 

• Column:  4 nsn  7.D  * 30  cm  m Bonds  oak  C^g  (Waters  Assoc.). 

• Solvent:  50Z  H20/50Z  CltjOH. 

• Flow  rate:  1.6  ml/mln. 

c Detection:  uv  at  254  nm. 

« Average  retention  time:  661  sec  4-d»ino-3,5-dlnitrotoluene 
95.15Z;  74  sec  Impurity  0.37Z;  226  sec  impurity  3.98Z; 

266  sec  Impurity  0.50Z, 

Gas  Chromatography — One  major  component  (representing  99.55Z 
of  the  total  peak  areas)  and  one  minor  component  were  observed  by  gc 
under  the  following  conditions: 

• Column:  5'  * 4 mu  glass  column  packed  with  10Z  DC-200 
on  Chromasorb  W-HP  80/100. 

« Temperature:  110  to  220’C  at  4° /min. 

• Flow  rate:  30  ml/mln. 

a Detection:  Flame  ionization. 

• Retention  time:  1214  sec  4-arelno-3, 5-dinitrotoluene  99.55Z; 
909  oec  Impurity  0.45Z. 
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FIGURE  107  H?LC  CHROMATOGRAM  OF  4- AMINO-3 , 5-DTNITRGTOUTENE 


‘av43/*-l«JL0V!liN»i3-X'ie  io*»WV-y  \s'* 


4.18  3- Amin o-2. fe-DintCrotoluenc 

1-Methyl- 2 ,4-d.initrobenzenaraine 


Source:  Synthesis,  SRI 


Identity 

Ir — The  ir  spectrum  was  consistent  with  the  proposed  structure. 
The  following  bands  were  observed:  (Kbr  pellet),  2.9,  3.0  (N-H,  1°  aro- 
matic amines),  5.5-59  (atmospheric  H,0) , 5.2,  6.8  (OC,  ring),  6.5,  7.4 
(N“0) , 7.65  (C-N,  1°  aromatic  amines),  11,2  (C-N,  aromatic  NO2),  12.15, 
12.9,  13.25,  14.4  pm. 

Nmr — The  nmr  spectrum  was  consistent  with  the  proposed  struc- 
ture. The  following  chemical  shifts  were  observed  and  the  number  of 
protons  each  signal  represents  was  determined  from  signal  integrals: 

6 2.27  (singlet,  311)  CH3;  6 3.17  (singlet,  H)  Hfl 
6 6.72  (doublet,  2H,  J - 10  cps)  NH2 
6 7.85  (doublet,  H,  J ■ 10  cps)  H^. 

uv  (Methanol) — X * 205*4  nm.  A - 0. 496,  e ■>  14,900 

max 

X m 225*0  nm,  A*  0.373,  e - 11,200 
max 

X - 343*0  nn,  A-  0.333,  e « 9970. 
max 

Purity  (99.85%) 
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Elemental  Analysis— 


Anal,  for  C^N^:  Calcd:  G,  42.65;  H,  3.58;  N,  21.31 

Found:  C,  42.41;  H,  3.50;  N,  21.14. 

High-Pressure  Liquid  Chromatography — One  major  component 
(representing  99.8%  of  the  total  peak  areas)  and  one  minor  component 
were  observed  by  hplc.  The  following  hplc  conditions  were  used: 

• Column:  4 mm  ID  x 30  cm  p Dondapak  (Waters  Assoc.) 

• Solvent:  50%  H20/50%  CH3OH 
o Flow  rate:  1.6  ml/min 

• Detection:  uv  at  254  nm 

• Average  retention  time:  538  sec  3-amino-2 ,6-dinitrotoluene 
99.8%;  150  sec  impurity  0.2%. 

Gas  Chromatography — One  major  component  (representing  99.9%  of 
the  total  peak  areas)  and  one  minor  component  were  observed  by  gc  under 
the  following  conditions: 

• Column:  5'  * 4 mm  glass  column  packed  with  10%  DC-200  on 
Chromasorb  W-HP  80/100. 

• Temperature:  110  to  220°C  at  4°/min. 

• Flow  rate:  30  ml/min  Ny. 

• Detection:  Flame  ionization. 

• Retention  time:  1491  sec  3-araino-2,6-dinitroto.luene  99.9%; 
755  sec  impurity  0.1%. 
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FIGURE  113  HPLC  CB&GKATOGSt^i  OF  3- AMINO- 2 , 6-DIHITROTOLUntE 


A. 19  A-Aaioo-2 . 6-Dinitrotoluens 

4 -Methyl  ~3, 5-dinit rot snrsnamine 
U946-51-0] 


NO, 


NH, 

Source:  Naval  Surface  Waapona  Cantar  (obtained  from  Aldrich 
Chemical  Co.  undar  Navy  Contract  N60921-75-C-0251, 
September  1976) 


Iuentlty 

Ir — The  ir  spectrum  was  consistent  with  the  proposed  structure. 
The  following  bands  were  observed:  (KBr  pellet)  2.9,  3.0  (N-H,  i6  aro- 
matic amines),  3.3  (-C-H,  aromatic),  6.1,  6.7  (C-C,  ring),  6.5,  7. A (N-O), 
7.65  (C-N,  1°  aromatic  amines),  13.65  (N-H),  7.0,  7.2,  8.3,  11.05,  12.3, 
12.85,  13.4  pm. 

Nmr — The.  nmr  spectrum  was  consistent  with  the  proposed  struc- 
ture. The  following  chemical  shifts  were  observed,  and  the  number  of 
protons  each  signal  represents  was  determined  from  signal  integrals: 

6 2.12  (singlet,  3H)  CH3;  6 £.00  (singlet,  2H)  NH2 

6 7.20  (singlet,  2H)  H. 

uv  (Methanol) — X - 205.0  nm.  A - 0.360;  e - 17,800 

1 1—  max 

Xmax  " 234.8  nm,  A - 0.505;  e«  20,500. 


Purity  (99.7  ± 0.3%) 


Calcd:  C,  42.6;  H,  3 ’ .3 

Found:  C,  42.52;  H,  ’ ..37. 

High-Pressure  Liquid  Chromatography  » pc  , . denting 

100%  of  the  total  peak  areas)  was  observed  by  hp'o.  i following  hplc 
conditions  were  used: 


Elemental  Anulysis — 

Anal,  for  C_H..N,0, : 

7 7 3 4 
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• Column:  4 mn  ID  * 30  eta  u tkmdapak  C^g  (Waters  Assoc.) 

• Solvent:  50%  HjO/50%  CH3OH 
s Flow  rate:  1.6  ml/min 

a Detection:  uv  at  254  nm 

e Average  retention  time:  528  sec  4-amino-2,6-dinitrotoluene 

100%. 

Gas  Chromatography — One  major  component  (representing  99.4%  of 
the  total  areas)  and  one  minor  component  were  observed  by  gc  under  the 
following  conditions: 

e Column:  5'  *4  mm  gj^ss  column  packed  with  DC-200  on 
Chroma sorb  W-HP  80/ 100. 

e Temperature:  160  to  220“C  at  4 /min. 

e Flow  rate:  30  ml/min  Nj. 

e Detection:  Flame  ionization. 

e Retention  time:  757  sec  4-amino-2,6-dinitrotoluene  99.4%; 
863  sec  impurity  0.6%. 


THICKNESS OPERATORS 
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4.20  5-Aalno-2 . 4-Dlnitr o toluene  (Recrystalllzed) 
5-Methyl-2 , 4-dinitrobenzenamine 


Source:  Synthesis,  SRI 


CHS 


Ir — The  ir  spectrum  was  consistent  with  the  proposed  structure. 
The  following  bands  were  observed:  (KBr  pellet)  2.9,  3.0  (N-H,  1°  aro- 
matic amines),  6.2,  6.75  (C-C,  ring),  6.4,  7.5  (N=0) , 7.9  (C-N,  1°  aro- 
matic amines),  9.7,  13.5  (C-H) , 11.5  (C-N,  aromatic  N02),  7.05,  8.5, 
10.85,  11.99,  14.15  pm. 


Nmr — The  nmi  spectrum  was  consistent  with  the  proposed  struc- 
ture. The  following  chemical  shifts  were  observed,  and  the  number  of 
protons  each  signal  represents  was  determined  from  signal  integrals: 
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Purity  (99.8  ± 0.2%) 
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Elemental  Analysis — 

Anal,  for  C^H^N^O^:  Calcd:  C,  42.6;  H,  3.6;  N,  21.3 

Found:  C,  41.94;  H,  3.51;  N,  20.97. 

High-Pressure  Liquid  Chromatography — One  major  component 
(representing  99.6%  of  the  total  peak  areas)  and  two  minor  components 

were  observed  by  hplc.  The  following  hple  conditions  were  used:  j 

• Column:  4 mm  ID  x 30  cm  y Bondapak  C^g  (Waters  Assoc.) 

• Solvent:  50%  H20/50%  CH-jOH 

• Flow  rate:  1.6  ml/min 

• Detection:  uv  at  254  nm 

• Average  retention  time:  615  sec  5-amino-2 ,4-dinitrotoluene 
99.6%;  52  sec  impurity  0.2%;  99  sec  impurity  0.2%. 

Gas  Chromatography — One  major  peak  (representing  100%  of  the 
total  peak  areas)  was  observed  by  gc  under  the  following  conditions: 

• Column:  5'  * 4 mm  glass  column  packed  with  10%  DC-200  on 
Chromasorb  W-HP  80/100. 

• Temperature:  160  to  220°C  at  4° /min. 

• Flow  rate:  30  ml/min  N2. 

• Detection:  Flame  ionization. 

• Retention  time;  870  sec  5-amino-2,4-d ini tro toluene  100%. 
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FIGURE  126  CC  SPECTRUM  OF  5-AMINO-2 ,4-DINITROTOLUENE 
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4.21  2-Aalno -4. 6-Dlnltro  toluene 

2-Methyl-j, 5-dinitroben*enamine 
133572-78-2]  0,H 


Source:  Navel  Surface  Weapons  Center  (obtained  from  Aldrich 
Chaalcel  Co.  under  Navy  Contract  N60921-75-C-0251, 
September  1975) 

Identity 

Ir— The  ir  spectrum  was  consistent  with  the  proposed  structure. 
The  following  bands  were  observed:  (KBr  pellet)  2. 9,  3.0  (N-H,  1®  aro- 
matic amines),  6.1  (C-C,  ring),  6.5,  7.4  (N-0),  9.5  (C-H) , 11.3  (C-N, 
aromatic  NO,),  13.55  (C-H  and/or  N-H),  10.4,  10.75,  12.3,  12.8,  14.1  pm. 

Nmr— The  nrar  spectrum  was  consistent  with  the  proposed  struc- 
ture. The  following  chemical  shifts  were  observed,  and  the  number  of 
protons  each  signal  represents  was  determined  from  signal  integrals: 

5 2.07  (singlet,  3H)  CHjj  5 6.08  (sinplet,  2H)  NH2 ; 

6 7.58  (singlet,  2H)  H;  2.4  (DMSO)  and  3.2  (H20). 

uv  (Methanol) — X - 227.0  nm,  A ■ 0. 729,  z **  20,600. 

max 

Purity  (99.9  ♦ 0.12) 

Elemental  Analysis — 

Anal,  for  C^N-jO^,:  Calcd:  C,  42.6;  H,  3.6;  N,  21.3 

Found:  C,  42.41;  H,  3.59;  N,  21.25. 

High-Pressure  Liquid  Chromatography — One  major  peak  (represent- 
ing 1002  of  the  total  peak  areas)  was  observed  by  hplc.  The  following 
hplc  conditions  were  used: 

e Column:  4 mm  ID  * 30  cm  p Bondapak  C^  (Waters  Assoc.) 

e Solvent:  50Z  HjO/SOZ  CH3OH 
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• Flow  rate:  1.6  ml /min 

• Retention  time:  553  sec  2-amino-4 ,6-dinitro toluene  100%. 

Gas  Chromatography — One  major  component  (representing  99.8% 
of  the  total  peak  areas)  and  one  minor  component  were  observed  by  gc 
under  the  following  conditions: 

• Column:  5'  * 4 mm  glass  column  packed  with  10%  DC-200  on 
Chromasorb  W-HP  80/100. 

• Temperature:  110  ti  220°C  at  4° /min. 

• Flow  rate:  30  ml/min  N^. 

» Detection:  Flame  ionization. 

• Retention  time:  1574  sec  2-amino-4,6-dinitrotoluene  99.8%; 
1124  sec  impurity  0.2%. 
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FIGURE  130  UV  SPECTRUM  OF  2-AMIS'0-4,6-DINITROTOLUEKE 


218 


nm*m 


iTOGRftM  OF  2 'AMHJO-4 ,6-DINITKOTOUIHIK 


4.22  2-Amino-4-Nitrotoluane 

2-Methyl- 5-nitrobenzetu  mine 
[99-55-8] 


Source:  Pfaltz  & Bauer 

Lot  number  not  given 
Catalog  Mo.  M22730 


CH, 


Identity 

Ir — The  ir  spectrum  was  consistent  with  the  proposed  Structure 
as  well  as  with  Sadtler  Reference  Mo.  13670  for  2-amlno-4-nltrotoluene 
(KBr  wafer).  The  following  bands  were  observed:  (KBr  pellet)  2.9,  3.0 
(N-H,  1°  aromatic  amine),  6.1,  6.9  (C"C,  ring),  6.6,  7.4  (N-0) , 7.75 
(C-M),  11.4  (C-M,  aromatic  NOi),  13.55  (N-R,  1°  aromatic  amine  and/or 
C-H),  8.8,  9.05,  9.7,  10.0,  10.55,  12.1,  12.2  pm. 

Nmr — The  nmr  spectrum  was  consistent  with  the  proposed  struc- 
ture. The  following  chemical  shifts  were  observed,  and  the  number  of 
protons  each  signal  represents  was  determined  from  signal  integrals: 


<5  2.00  (singlet,  3H)  CH3;  6 5.28  (singlet,  2H)  NH2 
6 6.83  (doublet,  H,  J » 4 cps)  Ha 
6 7.03  (doublet,  H,  J ■ 4 cps) 

6 7.32  (singlet,  H)  Hc> 


uv  (Methanol) — X 
5 L.  max 

X 

max 

X 

max 

X 

max 

X 

max 


* 203. 5 nra,  A ■ 3. 795 , t 

■ 229.0  nm,  A * 1 .242,  e 

■ 251. 2 nm,  A * 1 . 215,  e 

■ 287 . 0 nm,  A • 0.449 , e 

■ 369.0  nm,  A * 0.189,  £ 


7790 

12,700 

11,900 

4400 

1850. 


Purity  (°'  75  ± 1.65%) 
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Calcd;  C,  55.3;  H,  5.3;  N,  18.4 
Found:  C,  53.18;  H,  5.21;  N,  18.45. 


Elemental  Analysis — 
Anal,  for  C^HgN^: 


Some  residue  was  noted.  I 

j 

High-Pressure  Liquid  Chromatography — One  major  component 
(representing  98.3  to  99.4%  of  the  total  peak  areas)  and  one  minor  com- 
ponent were  observed  by  hplc.  The  following  hplc  conditions  were  used: 

e Column:  4 mm  ID  x 3C  cm  p Bondapak  C^g  (Waters  Assoc.) 

• Solvent:  60%  H20/40%  CH3OH  and  55%  H20/45%  CH3OH 

• Flow  rate:  1.6  ml/min 

• Detection:  uv  at  254  nm 

• Retention  time:  At  60%  ^0/40%  H2O,  656  sec  2-amino-4- 
nitro toluene  99.4%,  530  sec  impurity  0.6%;  at  55%  ^0/45% 
paOH,  418  sec  2-amino-4-nitrotoluene  98.5%,  354  sec  impu- 
rity 1.7%. 


Gas  Chromatography — One  major  component:  (representing  96.1% 
of  the  total  areas)  and  two  minor  components  were  observed  by  gc  under 
the  following  conditions: 

• Column:  5'  x 4 mm  glass  column  packed  with  10%  DC-200  on 
Chromasorb  W-HP  80/100. 

• Temperature:  110  to  220°C  at  4°/min. 

• Flow  rate:  30  ml/min  K2* 

• Detection:  Flame  ionization. 

• Retention  time:  995  sec  2-amino-4-nitrotoluene  96.1%; 

827  3ec  impurity  3.3%;  1102  sec  impurity  0.6%. 
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FIGURE  139  GC  SPECTRUM  OF  2-AMINO-4-NITROTOLUENE 
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t,  i * ~iitnlifcliVI<iint  tf 


4.23  2 . 4-Dinitro-5-Methylphenol 


CH» 


Iv — The  lr  spectrum  was  consistent  with  the  proposed  struc- 
ture. The  following  bands  were  observed:  (KBr  pellet)  3.2  (C-H, 
aromatic),  6.15,  6.65  (OC,  ring),  6.32,  7.69  (N-0),  8.38  (C-C) , 9.7, 
13.39  (C-N),  11.5,  11.95  (C-N,  aromatic  NO, ) , 7.0,  7.85,  8.5,  9.0, 
10.78,  12.9,  14.28. 


Nmr — The  nmr  spectrum  was  consistent  with  the  proposed  struc 
ture.  The  following  chemical  shifts  were  observed,  and  the  number  of 
protons  each  sig-.al  represents  was  determined  from  signal  integrals: 

6 2.70  (singlet,  3H)  CH9 
6 7.10  (singlet,  H)  H 

& 

6 8.90  (singlet,  H) 

6 10.85  (singlet,  H)  OH. 


Uv  (Kethanol) — X * 214.2  nm,  A 

max 

Xmax  “ 263  nra’  A 

X <■  335,6  nm,  A 
max 


0712,  c - 11,730 
0.794,  e - 12,100 
0.287,  e - 4740. 


Purity  (>(  5X) 

Elemental  Analysis-- 

Anal,  for  C,H,N,0,:  Calt*d:  C,  42.43;  H,  3.05:  N,  14.14 

Found:  C,  42.26;  H,  3.17;  N,  13.86. 
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High  Pressure  Liquid  Chromatography — One  major  component 
(representing  98.7%  of  total  peak  areas)  and  one  minor  component  were 
observed  by  hplc.  The  following  hplc  conditions  were  used: 

• Column:  4 mm  ID  x 30  cm  y Bondapak  Cla  (Waters  Aasoc.) 

• Solvent:  60%  H,0/40%  CH,0H 

• Flew  rate:  2.0  ml/mln 

• Detection:  uv  at  254  nm 

Average  retention  time:  215  sec  2,4-dinitro~5-methylphenol 
98.7%;  298  sec  Impurity  0.23%;  375  sec  Impurity  1.06%. 

Qua  Chromatography — One  major  component  (representing  98.9% 
of  tot*l  peak  areas)  and  two  minor  components  were  observed  by  gc.  under 
the  following  conditions: 

• Column:  6'  x 2 mm  glass  column  packed  with  10%  DC  200 
on  Chromasorb 

• Temperature:  130°  to  220°  C at  4°/min 

• Flow  rate:  30  ml/mln  Na 

• Detection:  Flame  ionisation 

-Jf 

• Retention  time:  11.62  min  2 ,4-dlnitrc-5-methylpher*ol 
98.9%;  13.8  min  impurity  0.1%;  22.2  min  impurity  1.0%, 


3 


Ml  THF8A8ED  SPECTRUM  OF  2 , 4-DIN ITRO-5-METHYIPHENOL 


FIGURE  142  UMR  SPECTRUM  OF  2 , 4-DIN ITRO-5-METHYLPH5NOL 
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4.24  4-Nitrobeaxonltrll« 


1619-72-71 


CSH 


Source : Aldrich  Chemical  Company 
Lot  number  not  given 
Catalog  No.  HI,  200-7 


Identity 

It — The  ir  epactnm  was  consistent  with  the  propoxd  struc- 
ture. The  following  band*  were  observed:  (Dr  pellet)  1.25  (C-V, 
aromatic),  4.48  (CHN),  6.25,  6.73  (OC,  ring),  6.59,  7.46  (9-0).  9.CS, 
13.39  (C-H),  11.64  (C-M,  aromatic  NO.),  7.78,  8.43,  9,83.  14.73  pm. 

War — The  nor  spectrum  was  consistent  with  the  proposed  struc- 
ture. The  following  chemical  shifts  ware  observed,  sad  the  number  of 
protoes  each  signal  represents  warn  dstemftnsd  fro*  signal  integrals  r. 

« 7.90  (doublet,  2H,  Jc.b  - 3.0  css)  H, 

6 8.38  (doublet,  2H,  ■ 3.?  cp*> 

Dv  (Methanol) — 3 - 206.0  ne,  A - 1.70,  • 9000 

X - 258.2  am.  A - 2.99,  - IS. SCO. 


burlty  (>99t) 

Elensatel  AgsJjlis— 

Anal,  for  Csled:  C,  56.76;  8,  2.72;  I,  18,91 

fowed:  C,  56.32;  «l,  3.00;  8,  18.75. 
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Mfejgggw  Llauld  ChroM  toeroo hy  Om  Mjor  caaponent 
(wpw — ting  ®9.5X  of  total  peak  crua)  and  two  elnor  aapoanti  wort 
ok— raid  by  hplc.  Ibt  following  hplc  condltlona  *m  and: 

• Coins:  4 ■ IS  i X a « iondf k Ct«  (Hitiri  Aoooc . ) 

• Solvent:  SOX  H.O/SOX  CBaOK 

• Flew  MM:  2.0  «l/els 

• DiMcrlM:  uv  it  254  as 

• Awe  if  retention  tlaa:  265  Me  4-nltrobonaoni  trill  99.51; 
99  mc  l««mrl£7  0.16X;  189  mc  lepurlty  0.13X. 

4*io  Chronuirnto  -Cm  Mjor  peak  (ttproaostlai  100X  of  tin 
total  piak  amo)  was  oNsmd  by  gc  under  the  following  coodltlona: 

• Culiae:  S'  i2«r  gJLaee  packed  with  10X  DC  200  on 
ChroMootb  fi-V  80/100. 

• Tanperator* : 130*  (4  aln)  to  220*  C at  4*/nln. 

• Flow  rata:  30  nl/aln  Ka. 

• Detection:  Plan  Ionisation. 

• Retention  tlw:  4.94  win  4-nltrobensylnltrlle  100X. 
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FIGURE  ISO  HPLC  CHROMATOGRAM  OF  4-NlTROBENZONITHItF. 
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4.25  3-Amlno-4-Nitrotolusne 

5-Methy  1-2-nit  ro’ienzsnaaiae 


Source : Synthesis , 5R1 


CH, 


a 


NO  a 


Identity 

Ir — Tits  ir  <*pactrun  tree  ccnelstent  with  the  proposed  struc- 
ture. The  following  bends  were  observed;  (U?  pellet)  2.85,  2.95 
(W-H,  1*  sroaetic  seines),  C 15,  1.75  (1>C  ring),  6.30,  7.55  (N"0), 

7.08  (('-H,  methyl),  8.C5  (C-N,  1®  aromatic  amines),  9.7,  13.3  (C-H) , 
11.78  (C-Sv  cromatic  NO,),  8.5,  9.20,  10.5,  12.5,  13.6  pm. 

Nmr — The  mar  spectrum  was  consistent  with  the  proposed 
structure.  The  following  chemical  shifts  were  observed,  end  the  number 
of  protons  each  signal  represents  was  determined  from  signal  Integrals: 

d 2.25  (singlet,  3H)  CH, 

« 6.0C  (singlet,  2H)  NH, 

6 6.45  (doublet,  H,  Ja_r  - 3.0  cps)  Ha 
6 6.50  (singlet,  H)  Hb 
d 7.95  (doublet,  H,  Jc.s  ■ 3.0  cps)  He. 

Uv  (Methanol) — - 232.4  ns,  A - 1 238,  e • 16,150 

1 * 288.3  tua,  A - 0.093,  c - 6,300. 

sax 

Purity  (98X) 
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Elemental  /.nalyals — 


Anal,  fur  C,H,N*Oa:  Calcd:  C,  55.26;  H,  5.30;  N,  18.41 

Found:  C,  55.09;  H,  5.33;  N,  18.23. 

High-Pressure  Liquid  Chromatography — One  major  component 
(representing  89. 62  of  total  peak  areas)  and  two  minor  components  were 
observed  by  hplc.  The  following  hplc  conditions  were  used: 

• Column:  4 nan  ID  x 30  cm  u Bond up ak  Cja  (Haters  Assoc.) 

• Solvent:  502  Ha0/502  CH,0H 

• Flow  rate:  2.0  ml /rain 

• Detection:  uv  at  254  cm 

• Average  retention  time:  473  sec  3-amino-4-nitrotoluene 
89.82;  239  sec  Impurity  5.82;  279  sec  Impurity  3. 62. 

Gas  Chromatography — One  major  component  (representing  98.22 
of  total  peak  areas)  and  two  minor  components , the  larger  being 
4-amino-3-nltrotoluene,  were  observed  by  gc  under  the  following 
conditions : 

• Column:  6'  x 2 mm  glass  column  packed  with  102  DC  200  on 
Chromasorb  W-HP  80/100. 

• Temperature:  130°  (4  min)  to  220®  C at  4*/min. 

• Flow  rate:  30  ml/min  Na. 

• Detection:  Flame  Ionization. 

• Retention,  time:  10.30  min  3-amino-4-nltrotoluene  982; 
9.86  min  4-amlno-3-nitrotoluene  1.82;  3.2  min  impurity 
0.22. 

Gas  Chromatography — One  major  component  (representing  982  of 
total  peak  areas)  and  two  minor  components,  the  larger  being  4-asd.no- 
3-nltrotoluene,  were  observed  by  gc  under  the  following  conditions: 

• Column:  60-m  SE30  glass  capillary;  Supelco 

• Temperature:  130*  (2  min)  to  210*  C at  2*/min 

• Flew  rate:  0.5  ml/mln  N« 


Split  ratio:  150/1 
Detection:  Plane  ionisation 


Retention  time:  22.61  aln  3-mino-4-nitrotoluene  982; 
21.44  nln  4- amino- 3-ni tr ot o luaie  1.72;  11.00  aln  Impurity 
0.32. 
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4.26  3-Wltrobcoxoc.ltrlle 
l619->4-9l 


C5N 


Sourc«i  Aldrich  Chou leal  Coup any 
Lot  No.  090357CB 
Catalog  No.  16,774-6 


Mifttlty 

It  - Tha  ir  spec t run  w*s  consistent  with  tha  proposed  struc- 
ture. The  following  bonds  were  obnitmd:  (KBr  pallet)  3.25  (C-H, 
aronatlc) , 4.45  (C5H),  6.19,  6 80  ;'f>C,  ring),  6.55,  7.43  (N-O),  9.1, 
13.64  (C-H),  12.25  (C-N,  aroswtic  Wt) , 8.35,  9.30,  10.85,  11.05, 


NT — The  nr  spectrun  was  consistent  with  the  proposed 
structure.  The  following  chaulcal  shifts  were  observsd,  and  the 
maber  of  protons  each  signal  represents  was  detenslned  f roe  signal 
Integrals:  6 7.73  (triplet,  H,  Ja_bc  * ;i.5  cps)  Ha 

6 8.03  (doublet  of  triplets,  Jb-a  * 2.0  cps)  Hb 

6 8.50  (doublet  of  triplets,  I,  Jc_a  ■ 2.0  cps)  Hc 

6 8.56  (singlet,  H)  Hd. 

Uv  (Mathaaol) — i‘umxm  216.2  na,  A -*  0.513,  e - 34,200 

X - 252.1  na,  A ■ 0.144,  e - 9600 

sax 


Fucltr  (>99X) 


El ssi total  Analysis — 

Anal,  for  C,H*Na0a:  Calcd:  C,  56.76;  H,  2.72;  N,  18.91 

Found:  C,  56.54;  H,  2.83;  N,  18.82. 
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High-Pressure  Liquid  Chromatography — One  major  component 
(representing  99. 8X  of  total  peak  areas)  and  one  minor  component  were 
observed  by  hp!c.  Hk  _ol lowing  hplc  conditions  were  used: 

• Column:  4 mm  ID  x 30  cm  p Fondapak  Cia  (Waters  Assoc.) 

• Solvent:  SOX  Ha0/50%  MeOK 

• Flow  rate:  2.0  ml/min 

• Detection:  uv  at  254  rm 

• Average  retention  time:  281  sec  3-nitrobenzonitrile 
99. 8X;  470  sec  impurity  0.3 IX. 

Gas  Chromatography — One  major  peak  (representing  100X  of  the 
total  peak  areas)  was  observed  by  gc  under  the  following  conditions: 

• Column:  6'  x 2 mm  glass  column  packed  with  10X  DC  200 
on  Chromasorb  W-HP  80/100. 

• Temperature:  130°  (4  min)  to  220°  C at  4°/min. 

• Flow  rate:  30  ml/min  N*. 

• Detection:  Flame  ionization. 

• Retention  time:  5.20  min  3-nitrobenzylnitrile  100%. 
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FIGURE  159  INFRARED  SPECTRUM  OF  3-NITR0BENZ0NITRILE 
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4.27  2-Amino- 6-Nitrotoluana 

2 -Methyl- 3-nltrobenzenaalne 
[603-83-8] 


CH» 


Source:  Aldrich  Chemical  Company 
Lot  No.  031207 
Catalog  No.  11,584-3 


Identity 

Ir — The  ir  spectrum  was  consistent  with  the  proposed  struc- 
ture. The  following  bands  were  observed:  (KBr  pellet)  3.2  (N-H,  1° 
aromatic  amines),  6.2  (C-C  ring),  6.65,  7.45  (N«0) , 7.6  (C-N,  1° 
aromatic  amines),  9.68,  13.75  (C-K) , 11.25  (C-N,  aromatic  NO*),  6.1, 
7.8,  8.95,  12.68  pm. 

Nmr — The  nmr  spectrum  was  consistent  with  the  proposed 
structure.  The  following  chemical  shifts  were  observed  end  the  number 
of  protons  each  signal  represents  was  determined  from  signal  Integrals: 

6 2.23  (singlet,  3H)  CH, 

6 3.92  (singlet,  2H)  NHa 
6 6.75-6.95  (multlplet,  H) 

6 7. 0-7. 2 (multlplet,  2H). 


Uv  (Methanol) — X - 

— max 

206.1 

nm. 

A - 

0.125, 

e 

- 15,000 

X 

max 

234.4 

nm. 

A " 

0.124, 

€ 

- 14,800 

X - 

max 

350.0 

nm, 

A ■ 

0.125, 

e 

“ 480. 

Purity  (99%) 

Elemental  Analysis — 

Anal,  for  CrH.NaO*:  Calcd:  C,  55.26;  H,  5.30;  N,  18.41 

Found:  C,  55.09;  H,  5.33;  N,  18.23. 
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lUfcBSSgSgS  Liquid  Chromatography— Qm  paak  representing 
100X  of  total  peak  arena  waa  obaerved  by  hplc.  The  following  hplc 
conditions  war*  uaod: 

• Column:  4 ■ ID  x 30  ca  u Bondapak  Cl#  (Haters  Aaaoc. ) 

• Solvent : 60X  0,0/401  CM, OH 

• Flow  rata:  2.0  wl/aln 

• Da tact loo:  uv  at  234  on 

• Average  ratantlon  time:  353  aac  2-aalno~6-nltrotolu*na 
100X. 

Gaa  Chromatography — Qua  major  paak  (rapraaantlng  99. 8X  of 
total  poak  aroaa)  and  two  minor  pa aka  vara  obaarvad  by  gc  undar  tha 
following  condltlona: 

• 60-m  SE  30  g ana  capillary;  Supalco 

• Tanparature : 150*  to  220*  C at  2* /min 

• Flow  rata:  0.5  ml/mln 

• Split  ratio:  150/1 

• Detection:  Flame  lonltatlon 

• Retention  time:  17.66  aln  2-amino-6-nitrotoluene  99. 8X; 
18.47  min  impurity  0.1X;  19.3  min  impurity  0.1X. 
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FIGURE  165  INFRARED  SPECTRUM  OF  2-AMINO-6-NITPOTOLUEN1 


FIGURE  166  NMR  SPECTRUM  OF  2- 
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FIGURE  160  GC  SPECTRUM  OF  2-AM33IO-6-KITIOTOLU1IIE 
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FIGURE  170  MASS  SPECTRUM  OF  2-AMINO-6-NITROTOLUENE 
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A. 28  3 « 5 -Pinitroanlltne 

3 , 5-Dinitrcbenzenamine 
f 618-87-1] 


NHa 


1 


Source:  Aldrich  Chemical  Company 
Lot  No.  011477AB 
Catalog  No.  019,340-2 


Identity 
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Ir — The  Ir  spectrum  was  consistent  with  the  proposed  struc- 
ture. The  following  bauds  were  observed:  (KBr  pellet)  2.85,  2.95 
(N-H,  1°  aromatic  amines),  3.25  (C-H,  aromatic),  6.18,  6.9  (C«C,  ring), 
6.6  (N“0) , 7.5  (C-N,  1°  aromatic  amines),  9.15,  13.72  (C-H) , 11.38 
(C-N,  aromatic  N0a),  10.02,  10.8,  12.35  pm. 

Nmr- -The  nmr  spectrum  was  consistent  with  the  proposed 
structure.  The  following  chemical  shifte  were  observed  and  the  number 
of  protons  each  signal  represents  was  determined  from  signal  integrals: 

6 <4.35  (singlet,  2H)  NH, 

6 7.68  (doublet,  2U,  Ja_b  *0,8  cps)  Ha 

6 8.30  (triplet,  H,  J^-a  " 0.8  cps)  H^. 

Uv  (Methanol) — X ■ 228.2  tun,  A * 0.114,  e ■ 22330 

— UX&X 

X «*  258.0  nm,  A - 0.053,  e - 10380. 

« max 

' 0 * • • 1.  , 

Purity  (98%) 

Elemental  Analysis 

Anal,  for  C«H,N,0„:  Calcd:  C,  39.35;  H,  2.75;  N,  22.95 

Found:  C,  39.48;  11,  2.83;  N,  22.50. 
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High-Pressure  Liquid  Chromatography — One  major  component 
(representing  99. 8%  of  the  total  peak  areas)  and  one  minor  component 
were  observed  by  hv  The  following  hplc  conditions  were  used: 

• Column:  *♦  mm  ID  x 30  cm  p Bondapak  Cta  (Waters  Assoc.) 

. Solvent:  50%  Ha0/50%  CK,0H 

• Flow  rate:  2,0  ml/min 

• Detection:  uv  at  254  nm 

« Average  retention  rime:  414  sec  3,5-dinitroaniline  99.8%; 
242  sec  impurity  0.2%. 

Has  Chromatography— One  major  peak  (representing  100%  of 
total  peak  areas)  was  observed  by  gc  under  the  following  conditions: 

• Column:  6'  x 2 mm  glass  column  packed  with  10%  DC200 
.i  Chromasorb  W-HP. 

• Temperature:  130°  (4  min)  to  220°  C at  4° /min. 

• Flow  rate:  30  ml/min  Na. 

• Detection:  Flame  Ionization. 

• Retention  Time:  20.13  min  3,5-dinitroaniline  100%. 
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FIGURE  171  INFRARED  SPECTRUM  OF  3 , 5-DIN ITROANILINE 


172  NMR  SPECTRUM  OF  3 , 5-OINITROANILXNE 


4.29  2,3, 6-Trinitrotoluene 

l-Methyl-2 , 3 , 6-tr initrobenaene 
[18292-97-2] 


CH, 


Source:  Synthesis,  SRI 


Identity 

Ir — The  lr  spectrum  was  consistent  with  the  proposed  struc- 
ture. The  following  bands  were  observed:  (KBr  pellet)  3.23  (C-H, 
aromatic),  3.45  (C-H,  methyl),  6.5,  7.45  (N"0) , 7.1  (OC,  ring) , 9.65, 
13.95  (C-H),  11.38,  11.8  (C-H,  aromatic  NO,),  7.75,  8.35,  8.75,  10.45, 
12.03,  12.48,  12.95. 

Nur — The  nar  spectrum  was  consistent  with  the  proposed 
structure.  The  following  chemical  shifts  were  observed  and  the  number 
of  protous  each  signal  represents  was  determined  from  signal  integrals: 

6 2.52  (singlet,  3H)  CH, 

6 8-10  (doublet,  H,  Ja_j,  *3.0  cps)  H# 

6 8.25  (doublet,  H,  J{j_a  ■ 3.0  cps)  H^. 

.....  , ‘ * * 

Uv  (Methanol) — A - 207.9  nm,  A - 0.326,  c - 19,880 

— max 

A^  - 252.0  nm,  A - 0.133,  t - 8400 

A „ ■ 293.2  nm,  A - 0.039,  e - 2380. 

max 

Purity  ( >99.31) 
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Anal,  for  C,HfN,0,:  Calcd:  C,  37.01;  H,  2.22;  N,  18.5 

Found:  C,  36.88;  H,  2.24;  N(  17.5.* 

High-Pressure  Liquid  Chromatography — Ona  major  component 
(raprasantlng  *9.31  of  cha  total  paak  areas)  was  obasrvsd  by  hplc. 
The  following  hplc  conditions  wars  uaad: 

• Column:  4 on  ID  x 30  ca  y Bondapak  Cia  (Water*  Assoc.) 

• Solvant:  501  H.0/501  CH.OH 

• Flow  rata:  2.0  nl/mln 

• Detection:  uv  at  254  not 

• Average  retention  tine:  550  sec  2,3,6-trlnltrotoluene 
99.31. 


Gas  Chromatography — One  major  component  (representing  at 
least  99.81  of  the  total  peak  areas)  and  one  minor  component  were 
o served  by  gc  under  the  following  conditions: 

• Column:  6'  x 2 mm  glass  coliamt  packed  with  101  DC200  on 
Chromasorb  W-HP  80/100. 

• Temperature:  130*  (4  min)  to  220*  C at  4*/min. 

• Flow  rate:  30  ml/min  N». 

• Detection:  Flame  Ionisation. 

• Retention  time:  14.29  min  2, 3, 6- trinitrotoluene  99.81+; 
12.7  min  impurity  <0.21. 


* Some  trlnltro  compounds  tend  to  give  low  ?J  results  with  the  Perkin- 
Elmer  analyser. 
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FIGURE  177  INFRARED  SPECTRUM  Jf  2,3,6-TRIN 
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FIGURE  179  NMR  SPECTRUM  OF  2,3,6-TRINITROTOLUENE 
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FIGURE  181  UV  SPECTRUM  OF  2,3,6-TRINITROTOLUENE 
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4.30  2-Amino-3. 6-Dinitrotoluene 

2-Methyl-3, 6-dinitrobenzenamine 
[56207-39-7]  CH, 


Source:  Synthesis,  SRI 


Identity 

Ir — The  ir  spectrum  was  consistent  with  the  proposed  struc- 
ture. The  following  bands  were  observed:  (KBr  pellet)  2.90,  2.98, 
(N-H,  1°  aromatic  amines),  6.18,  7.0  (OC,  ring),  6.6,  7.45  (N-0),  7.95 
(C-N,  1°  aromatic  amines),  12.19  (C-N,  aromatic  NO,),  13.60  (C-N),  7.7, 
8.45,  8.7,  11.55, .13.0  pm. 

Nmr — The  nmr  spectrum  was  consistent  with  the  proposed  struc- 
ture. The  following  chemical  shifts  were  observed,  and  the  number  of 
protons  each  signal  represents  was  determined  from  signal  integrals: 

6 2.23  (singlet,  3H)  CH, 

6 6.40  (singlet,  2N)  NH, 

6 7,10  (doublet,  H,  Ja_b  ■ 3.0  cps)  Ha 

6 8.12  (doublet,  H,  J^-a  " 3.0  cps)  H^. 

Uv  (Methanol) — X ■ 229.4  nm,  A ■ 0.211,  e » 18,100 

— max 

X ■ 276.9  nm,  A ■ 0.046,  e • 3950. 
max 
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Elemental  Analysis — 


Anal,  for  CrH7N*0s:  Calcd:  C,  42.65;  H,  3.58;  N,  21.31 

Found:  C,  42.82;  H,  3.67;  N,  21.13. 

High-Pressure  Liquid  Chromatography — One  major  component 
(representing  99.892  of  total  peak  areas)  and  one  minor  component  were 
observed  by  hplc.  The  following  hplc  conditions  were  used: 

• Column:  4 mm  ID  x 30  cm  p Bondapek  Ci«  (Waters  Assoc.) 

• Solvent:  502  Ha0/502  CH,0H 

• Flow  rate:  2.0  ml/min 

• Detection:  uv  at  254  nm 

• Average  retention  time:  571  sec  2-amlno-3,6-dinltrotoluene 
99.892;  sec  Impurity  0.112. 

Gas  Chromatography — One  major  component  (representing  1002 
of  total  peak  areas)  was  observed  by  gc  under  the  following  conditions: 

• Column:  6'  x 2 mm  glass  packed  with  102  DC  200  on 
Chromasorb  W-HP  80/100. 

• Temperature:  130°  C (4  min)  to  220°  C at  4°/min. 

• Flow  rate:  30  ml/min. 

• Detection:  Flame  Ionization. 

• Retention  time:  17.21  min  2-amino~3,6-dlnitrotoluene  1002. 
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-DINITROTOLUENE 


FIGURE  184  NMR  SPECTRUM  F 2 -AMINO- 3 , 6-DINITROTOLUENE  k>"7° 


2 - *3,  t>  - bu 


FIGURE  185  IV  SPECTRUM  05  2 /MINO-3,6-DINITROTOLUENE 
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5 ENVIRONMENTAL  FATE  ESTIMATES  FOR  CONDENSATE  COMPONENTS 


The  Introduction  of  condensate  components  into  the  environment 
through  wastewater  discharge  creates  concern  not  only  about  the  envir- 
onmental Impact  of  the  mixture  and  the  Individual  components,  but  also 
about  the  potential  transformation  products  resulting  from  environmental 
processes  such  as  photolysis. 

For  determination  of  which  compounds  may  be  photolytlcally  labile, 
the  condensate  mixture  was  photolyzed  in  the  flow-through  reactor  as 
described  in  Section  3.4.2,  and  the  individual  components  were  monitored 
by  gas  chromatography.  Exhibit  3 lists  the  compounds  that  were  found 
to  be  photolytlcally  reactive  and  those  that  were  nonphotolytlcally 
reactive. 

An  evaluation  of  the  structures  of  the  compounds  in  Exhibit  B 
indicates  that  one  requirement  for  the  occurrence  of  photolysis  ie 
that  the  molecule  must  have  a uitro  group  positioned  ortho  to  a methyl 
group.  The  only  compound  without  this  characteristic  is  3 -amino- 2 ,4- 
dinit  ro  toluene;  its  nonphotolability  can  be  explained  by  an  Intra- 
molecular association  of  the  nitro  group  with  the  amino  function. 

This  interaction  inhibits  the  ortho  nitro  group  from  interaction  with 
the  methyl  group. 
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Exhibit  B 


PHOTOREACTIVITY  OF  CONDENSATE  COMPONENTS 


Photoreactive 

2. 6- Dinit rotolue  e 
2 , 5-Dinitrotolaene 

3-  Amino-2 . 6-dinitrotoluene 

4-  Amino-2 ,6-dinitrotoluene 
2 , 3--Dinitrotoluene 

2 . 4- Dinitrotoluene 

1 . 5- Dirae thy 1-2 , 4-dinitrobenzene 
2-Nitrotoluene 

1- Amino-6-nitrotoluene 

2.4. 6- Trinitrotoluene 

5- Amino-2 , 4-dinit ro toluene 
4-Amino-  3,5-dinitrctoluene 

2- Anino-3, 6-dinitrotoluene 

2.3. 6- Trinitrotolueue 

2- Amino-4 ,6-dinitrotoluene 

3- Methyl-2-nitrophenol 


Nonphotoreactive 

1 . 3- Dinit robenzene 

3 . 5- Dinitrotoluene 

3 . 4- Dinitrotoluene 

3- Amino-2 , 4-dinitrotoluene 

4- Nitrotoluene 

3- Amino-4-nitrotoluene 
Toluene 

5- Methyl-? -nitrophenol 

4- Nitrobenzonitrile 
3-Nitrobenzonitrile 
2-Amino-4-nitro toluene 

1.3. 5- Trinitrobenzene 

3 . 5- Dinitroaniline 


To  evaluate  the  effects  of  photolysis  in  sunlight  as  compared  with 
the  laboratory  photolysis  results,  we  performed  a rooftop  study  similar 
to  the  one  described  In  Section  3.4,2,  This  study  revealed  that  the 
concentrations  of  many  of  the  components  that  had  not  been  determined 
to  be  photoreactive  in  laboratory  studies  did  decrease  as  a function 
of  time  in  sunlight.  We  postulated  that  volatility  may  affect  these 
chemicals  in  aqueous  systems, 

To  test  this  hypothesis,  we  used  a 4400-ral  aqueous  solution  con- 
taining the  condensate  components  listed  in  Table  13,  divided  it  in 
half,  and  poured  it  into  two  identical  glass  containers.  Each  container 
was  lined  with  paper  so  that  photolysis  could  occur  only  near  the  sur- 
face of  the  solution.  One  container  was  placed  in  the  sunlight,  and 
the  other  was  placed  approximately  5 feet  away  in  an  area  that  was 
continuously  shaded.  Each  solution  was  stirred  with  a magnetic  stir 
bar  at  equal  rates,  and  samples  were  removed  periodically  for  capillary 
gc  analysis  and  measurement  of  water  loss.  Water  loss  from  each 
solution  averaged  250  ml/day  for  the  sun  solution  and  200  ml/day  for 
the  shade  solution.  These  volumes  were  added  to  each  solution  before 
sampling  for  gc  analysis. 

Table  14  presents  the  results  of  these  experiments,  which  Indicate 
that  both  photolysis  and  volatility  can  be  important  factors  in  deter- 
mining the  fate  of  condensat-e  components  in  water.  The  condensate 
components  can  be  grouped  into  three  categories:  Group  1,  in  which 
volatility  is  the  only  factor  affecting  compound  loss;  Group  2,  in 
which  volatility  and  photolysis  are  both  important;  and  Group  3,  in 
which  photolysis  is  the  predominant  factor. 

The  chemicals  in  Group  1 are  1,3-dinitrobenzene,  3,5-dinitrotolueae, 
3,4-dinitrotoluene,  3-amino-2 ,4-dinitrotoiuene,  2-nitrotoluene,  and 
4-nitrotoluene.  Plots  of  the  concentration  of  these  compounds  against 
time  are  linear.  The  slopes  of  these  lines  differ  by  1.2,  which  is 
the  ratio  of  the  water  loss  between  sun  and  shade. 
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Table  13 


CONCENTRATIONS  OF  CONDENSATE  COMPONENTS 


USED  IN  SUN-SHADE  EXPERIMENT 

Component 

Concentration 

(ott/liter) 

2-Nitrotoluene 

0.08 

4-Nitrotoluene 

C.32 

2 , 6-Dinitrotoluene 

14.5 

1, 3-Dinitrobenzene 

11.3 

2 j 5- Dinl trotoluene 

0.87 

2 , 4-Dinitrotoluene 

37.0 

2 , 3-Dlnitrotoluene 

1.1 

3,5-Dlnltrotoluene 

0.91 

3 , 4-Dinitrotoluene 

1.0 

1, 5-Dimethyl- 2 ,4-dinitrobenzene 

0.70 

3- Amino- 2 , 4-dinitrotoluene 

3.35 

4-Amlno-3 ,5-dinitrotoluene 

0.25 

3-Amino-2 ,6-dinit rotoluene 

3.1 

4-Amino-2 , 6-dini trotoluene 

1.2 

5-Amino- 2 , 4-dinitrotoluene 

1.1 
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The  Group  2 chemicals  are  2,3-dinltrotoluene,  2,4-dinitrotoluene, 

1 , 5-dime thy 1-2 , 4-dinitrobenzene , 4- amino-3 , 5-dinitrotoluene , and 
5- amino-2, 4-dinitrotoluene.  In  this  group,  both  photolysis  and  vola- 
tility are  important,  but  the  effect  is  least  pronounced  in  the  amino- 
dinitrotoluene  compounds.  The  comparative  losses  for  these  compounds 
Indicate  that  the  two  processes  are  competitive. 

The  Group  3 chemicals  are  2,6-dinitrotoluene,  2, 5-dinitrotoluene, 
3-amino~2,6-dinitrotoluene,  and  4-amino-2,6-di~iitrotoluene.  In  this 
group,  the  effect  of  photolysis  is  dramatic  ami  Indicates  that  volatil- 
ization plays  a limited  rose  in  describing  the  fate  of  these  compounds. 

We  performed  a stellar  study  in  the  laboratory  to  confirm  conden- 
sate component  looses  due  to  volatilization.  A solution  containing 
condensate  components  was  placed  in  a darkened  hood  under  conditions 
similar  to  those  used  in  the  rooftop  study.  Component  losses  were 
monitored  periodically  and  are  presented  in  Table  15.  The  component 
losses  were  similar  to  those  observed  in  the  shade  rooftop  experiment. 

A comparison  of  the  percentage  of  loss  at  192  hours  in  this  study  and 
at  240  hours  in  the  s3tede  rooftop  study  (bottom  of  Table  15)  shows 
relative  component  losses,  indicating  that  the  same  factor  (volatili- 
zation) operates  in  both  ceses.  These  results  indicate  the  signifi- 
cance of  volatilization  in  describing  the  fate  of  condensate  components 
in  fresh  water. 


To  obtain  an  indication  of  the  contribution  and  magnitude  of 
volatility  and  photolysis  in  describing  the  fate  of  condensate  com- 
ponents, pseudo  first-order  rate  constants  were  determined  for  each 
process  using  the  data  in  Table  14.  The  rate  constant  for  volatiliza- 
tion was  generated  from  the  shade  experiment  using  the  equation 


ds 

dt 


k IS] 
v 


(8) 
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where  ks  is  the  volatilization  rate  constant  for  substrate  S.  A pseudo 
v 

first-order  rate  constant  was  also  generated  fror  the  sun  experiment 
using  a similar  equation, 


-ds 

dt 


(9) 


where  the  rate  constant  k8,  is  related  to  both  the  volatilization  and 

v+p 

photolysis  processes  by 


1.2k8  + k8 
v o 


(10) 


The  factor  1.2  was  used  to  reflect  the  difference  in  water  loss  between 
the  sun  and  shade  experiments.  Since  k^p  and  k8  were  measured, 
could  be  calculated. 

Using  this  approach,  the  k8  and  k8  values  were  calculated  and  are 
listed  in  Table  16  for  15  condensate  components.  These  rate  constants 
should  not  be  used  to  calculate  environmental  half-lives;  they  serve 
only  to  give  a relative  magnitude  of  the  processes  between  compounds. 

By  normalizing  the  rate  constants,  we  calculated  the  percentage  of 
contribution  of  photolysis  and  volatility  to  the  loss  of  condensate 
compounds  from  water;  Table  17  presents  these  data. 

The  rate  constants  were  combined  and  are  listed  in  decreasing 
order  in  Table  18.  By  listing  the  compounds  in  this  manner,  some  order 
of  persistence  can  be  established  for  this  condensate  mixture.  Thus, 

3 , 4-dinitrotoluene , 4- amino-3 , 5-diui trotoluene , 3-amino-2 , 4-dinit rotoluene , 
1,3-dinitrobenzene,  3 , 5-din itrotoluene , and  5-amino-2, 4-dinitrotoluene 
would  be  expected  to  persist  the  longest  in  the  environment,  excluding 
such  fates  as  sediment  adsorption  and  biotransformation. 
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Table  16 


RELATIVE  RATES  OF  LOSS  OF  CONDENSATE  COMPONENTS 
DUE  TO  VOLATILITY  AND  PHOTOLYSIS 

k x 10"2 


Component (ppm/hr) 


Volatilization 

4-Nitrotoluene  49 . 9 

2- Nitrotoluene  25.9 

2 , 6-Dinitrotoluene  5.64 

2.5- Dinitrotoluene  4.01 

2.3- Dinitrotoluene  3.47 

1. 5- Dime thy 1-2 ,4-dinltrobenzene  2.81 

3.4- Dinitrotoluene  2.57 

2.4- Dinitrotoluene  2.37 

3.5- Dinitrotoluene  2.28 

1 t 3-Dinitrobenzene  1 . 88 

3- Amino- 2 , 4-dinitrotoluene  1.20 

3- Amino-2 , 6-dinltro toluene  1 . 15 

4- Amino- 3 , 5-dinitrotoluene  1 . 15 

4- Amino- 2 , 6-dinitrotoluene  0 . 30 

5- Amino-2 , 4-dinitrotoluene  0 . 00 

Photolysis 

2- Nitrotoluene  19 . 00 

3-  Amino-2 , 6-dinitrotoluene  14.58 

2.5- Dinirrotoluene  10.01 

2.6- Dinitrotoluene  7.53 

4-  Amino-2, 6-dinitrotoluene  5.95 

7 ,5-Dimethy 1-2, 4-dinitrobenzene  2.29 

2.4- Dinitrotoluene  1.83 

5- Amino-2, 4-dinitrotoluene  2.10 

2 . 3- Dinitrotoluene  0.63 

1.3- Dinitrobenzene  0 

3 . 5- Dinit rot  oluene  0 

3 . 4- Dinitrotoluene  0 

3- Amino-2, 4-dinitrotoluene  0 

4- Amino-3, 5-dinitrotoluene  0 

4-Nitrotoluene  0 


i 
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Table  17 


THE  PERCENTAGE  OF  CONTRIBUTION  OF  PHOTOLYSIS  AND  VOLATILITY 
TO  THE  LOSS  OF  CONDENSATE  COMPONENTS  FROM  WATER 


Component 


Percentage  of 

Lows  Due  To: 

Photolyela  Volatility 


1.3- Dinitrobenzene  0 

2,6~Dinitrotoluer.e  57.2 

2 . 4- Dinitrotoluene  13.5 

2,5~Dinitrotoluene  68.6 

2 . 3- Dinitrotoluene  16 

3 . 5- Dini tro toluene  0 

3. 4- Dinitrotoluene  0 

1 . 5- Dimethy!-2 .4-dinitrobenzene  44 . 9 

3-Araino-2 , 4-dinltrotoluane  0 

3- Amino-2,6-dinitrotoluene  92.7 

4-  Amino-2, 6-dinitrotoluene  95.2 

2-Nitrotoiuene  37.7 

4- Nitrotoluene  0 

5- Amino-2 , 4-dinitrotoluene  100 

4-Amino- 3, 5-dinitrotoluene  0 


100 

42.8 

56.5 

31.4 

84 

100 

100 

55.1 

100 

7.3 

4.8 

62.3 

100 

0 

100 
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Table  18 


RELATIVE  RATES  OP  LOSS  OF  CONDENSATE  COMPONENTS 
FROM  THE  ENVIRONMENT  AS  A FUNCTION 
OF  PHOTOLYSIS  AND  VOLATILITY 


Compound 


k x 10~2 


(ppm/hr) 


4-Nitrotoluene 

49.6 

2-Nitrotoluene 

44. 9 _ 

3- Amino-2 , 6-dinitrotoluene 

15.74 

2 , 5-Dinit rotoluene 

14.02 

2 , 6-Dinitrot  oluer.e 

13.17 

4-Amino-2 , 6-dinitrotoluene 

6.25 

1 , 5-Dime  thy  1-2 , 4-dini  t.r  obenzene 

5.10 

2 , 4-Dlnltrotoluene 

4.20 

2 , 3-Dlnltrotoluene 

4.12 

3 , 4-Dinltrotoluene 

2.57 

3 , 5-Dinitrotoluene 

2.28 

5- Amino-2 , 4-dinit rotoluene 

2.10 

1 , 3-Dinitrobenzene 

1.88 

3- Amino-2 , 4-dini tro toluene 

1.20 

4-Awino-3,5-dinitrotoluene 

1.15 
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To  ascertain  whether  or  not  sediment  adsorption  and  bloaccusmula- 
tlon  may  be  significant  factors  in  describing  the  environmental  fate 
of  condensate  components,  the  octanol/water  partition  coefficients  were 
calculated  by  computer  according  to  the  method  of  Leo  at  al?  and  are 
listed  in  Table  19.  For  some  compounds,  literature  references  could 
be  obtained  and  are  included  in  the  table.  The  partition  coefficients 
are  closely  related  to  each  other,  which  la  expected  because  of  the 
similarity  of  the  structures  of  the  components.  These  values  may  be 
related  to  sediment  adsorption,  especially  for  sediments  high  in 
organic  matter.  However,  caution  should  be  used  in  ascribing  any  cor- 
relations with  these  compounds  that  have  lonizable  groups  (such  as  the 
phenols  and  amines)  since  the  adsorption  of  these  compounds  will 
depend  on  the  cation  exchange  capacity  of  the  sediment. 

From  the  octanol/water  partition  coefficients,  the  log  of  the 
bioconcentration  factor  (BCF)  was  calculated  for  condensate  components 
according  to  the  method  of  Branson  et  al*.  Table  20  presents  these 
data.  The  bloconcentratlon  factors  range  from  2.18  to  52.50.  Biocon- 
centratlon  of  the  condensate  components  in  fish  should  not  be  signifi- 
cant according  to  the  US.  Army  Medical  Bioengineering  Research  and 
Development  Laboratory  aquatic  technical  advisors  who  believe  that 
1000  is  a minimum  value  for  the  BCF  before  bloaccunsulatlon  is 
significant. 

This  preliminary  estimate  cf  environmental  fa'es  for  condensate 
compounds  Indicates  that  volatilization  and  photolysis  can  play  major 
roles  in  the  removal  or  transformation  of  selected  components  in  an 
aquatic  system  and  that  sediment  adsorption  and  bioaccuassulatlon  My 
play  only  minor  roles.  The  effects  of  blotronsfomatioc  have  not  been 
considered  in  this  study  and  we  recoasend  that  this  fate  be  investi- 
gated, especially  with  respect  to  those  compounds  that  show  Indications 
of  environmental  persistence. 
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Table  19 


OCTANOL/WATER  PARTITION  VALUES  (LOG  P) 
DETERMINED  FOR  CONDENSATE  COMPONENTS 


Compound 

2 . 4- Dinitrotoluene 

2 . 6- Dinit rotoluane 
1, 3~ Dinitrobenzene 

3- Amino-2 ,4-dirtitrotoluene 

3-  Amino-?. , 6-dini  t rotoluane 
5- Amino-2 ( 4-dinitrotoluene 

3 . 5- Dinit rotoluane 

3. 4- Dinit rotoluane 

4- Amino-2 , 6-dinit rotoluane 

1 . 5- Dime thy 1-2 , 4-dlaitrobenzene 
2 , 3-Dinitrotoluene 

2 . 5- Dinitrotoluene 

2 .4 .6- TrinitroColuene 

4 -Amino- 3 , 5-dini tro toluene 
Toluene 


4- Nitrotoluene 

2 , 4-Dinitro-5-methylphenol 

2- Amino-6-ni trotoluene 

3- Amino-4-ni troto luene 
2-Nltrotoluene 

2- Amino- 3 , 6-dinitrotoluene 

2,3, 6-Trinitrotoluene 
2-Amlno-4 , 6-dinitrotoluene 

5- Methyl-2-nitrophenol 

2- Amlno-4-nitrotoluene 

3- Methyl-2-nitrophenol 

1 . 3.5- Trinitrobenzene 

3 . 5- Dini troeniline 

3- Nltrobenzonitrile 

4- Nltrobenzonitrile 


1.  D.  Nlkeltani  and  C.  Hansch. 
retrieval  data. 

2.  T.  Fujita,  J.  Ivaaa,  and  C. 
5175  (1964). 


log  P Ref 

2.28  1 

2.285  6 

1.62  6 

1.06  6 

1.06  6 

1.06  6 

2.285  6 

2.285  6 

1.06  6 

2.95  6 

2.285  6 

2.285  6 

2.03  6 

1.06  6 

2.69  2 

2.73  3 

2.11  4 

2.80  5 

2.37,  2.42  2,  5 

1.62  6 

1.315  6 

1.315  6 

2.30  5 

1.06  6 

2.03  6 

1.06  6 

1.875  6 

1.315  6 

1.875  6 

1.365  6 

0.395  6 

1.17  2 

1.19,  1.31  2,  6 


Unpublished,  NIB  PROPHET  computer 
Hansch.  J.  Am.  Cham.  Soc.  86, 


3.  C.  Church.  Unpublished,  NIH  PROPHET  computer  retrieval  data. 

4.  K.  Rogers  end  A.  Cammarata.  J.  Med.  Cheat.  12,  692  (1969). 

5.  M.  Tichy  and  K.  Bocefc.  Coununication  to  Dr.  Howard  Johnson, 
SRI  International. 

6.  Calculated  according  to  the  method  suggested  by  A.  Leo  at  al. , 
J.  Med.  Cheat.  18(9),  865-668  (1975). 
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Table  20 


CALCULATED  LOG  BCF  VALUES  FOR  CONDENSATE  WATER  COMPONENTS 


Compound 

3 . 5- Dinitrotoluane 

3 *Amino-2,4-dinitrotoluana 

3-  Amino- 2 ,6-d ini tro toluene 
5 -Amino- 2 , 4-dinltrotoluene 

4-  Amino-2 ,6-dinitrotoluena 
4-Amino-3 , 5-dinitrotoluena 

2-Amino- 3 , 6-dini trot oluene 

2-  Amino- 4 , 6-dinitrotoluene 

3- Nitrobenzonitrile 

4- Nit robenzonitrile 

2- Amino- 6-nitrotoluen* 

3-  Amino-4-nitro toluene 

2- Amino-4-nitrot oluene 

1 . 3 . 5- Tt  ini  trobenzene 

2 ,4-Dinitro-5-methylphenol 

1 . 3- Dinit robenzene 

5- Kathyl-2-nitrophenol 

3- Methyl-2-nitrophenol 

2 . 4- Dinitrotoluene 

2 . 6- Dinitrotoluene 

3. 5- Din i trot oluene 

3 . 4- Dinitrotoluana 
2 , 3-Dinitrotoluen* 

2 . 5- Dinitrotoluane 

2.4. 6- Tr initrotoluena 

2.3. 6- Trinitrotoluene 
2-Nitrotoluene 

4- Nitrotoluene 
Toluene 

1.5- Dimethyl- 2 ,4-di nitrobenzene 


Log  P 

Log  BCF* 

0.395 

0.338 

1.06 

0.698 

1.06 

0.698 

1.06 

0.698 

1.06 

0.698 

1.06 

0.698 

1.06 

0.698 

1.06 

0.698 

1.17 

0.758 

1.19 

0.769 

1.32 

0.839 

1.32 

0.839 

1.32 

0.839 

1.36 

0.861 

1.62 

1.00 

1.62 

1.00 

1.88 

1.14 

1.88 

1.14 

1.98 

(2.28)' 

1.19  (1.36) 

1.98 

(2.28) 

1.19  (1.36) 

1.98 

(2.28) 

1.19  (1.36) 

1.98 

(2.28) 

1.19  (1.36) 

1.98 

(2.28) 

1.19  (1.36) 

1.98 

(2.28) 

1.19  (1.36) 

2.03 

1.22 

2.03 

1.22 

2.30 

1.37 

2.40 

1.42 

2.58 

1 52 

2.95 

1.72 

BCF 

2.18 


52.50 


*Log  BCF  - 0.542  log  F + 0.124 
^Calculated. 


309 


6 CONCLUSIONS  AND  RECOMMENDATIONS 


The  results  of  this  stud*  indicate  that  discharges  from  Composi- 
tion B lines  at  LAP  facilities  contain,  on  an  average,  TNT  and  RDX  at 
a ratio  of  1.6/1  in  the  absence  of  pollution  abatement  treatment.  SRI 
recommends  that  further  toxicological  investigations  be  performed  using 
this  component  ratio  because  it  represents  a worst-case  condition  for 
which  environmental  impact  data  should  be  known. 

The  effects  of  sunlight  photolysis  on  TNT/RDX  mixtures  can  be 
studied  in  the  laboratory  with  mercury  lamps  with  Pyrex  filters  as  an 
artificial  light  source.  The  preparation  of  phetolyzed  residues  for 
toxicological  evaluation  '.an  be  achieved  in  the  laboratory  for  acute 
and  subacute  investigations,  but  time  and  cost  constraints  would  make 
the  preparative  method  ineffective  for  long-term  chronic  studies. 

In  the  condensate  wastewater  discharge  at  VAAP,  33  components 
were  identified.  The  ratio  of  discharged  components  was  found  to  be 
highly  variable  over  the  12-month  sampling  period.  A representative 
discharge  was  established  by  computer  analysis.  Toxicological  and 
environmental  impact  data  are  limited  for  this  array  of  compounds. 

SRI  recommends  that  the  envirouunntal  persistence  of  these  compounds 
be  considered  as  one  criterion  in  establishing  priorities  for  further 
toxicological  investigations. 

Condensate  components  for  toxicological  evaluations  can  be  obtained 
through  commercial  sources  and/or  the  synthetic  methods  described  in 
this  report.  SRI  recommends  that  analytical  characterizations  be 
performed  on  all  materials  used  in  toxicological  evaluations  because 
these  classes  of  compounds  are  highly  subject  to  Isomeric  contamination. 
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Appendix 


GLASS  CAPILLARY  GAS  CHROMATOGRAPHIC  ANALYSIS 
OF  CONDENSATE  COMPONENTS 

Because  of  the  complexity  of  components  discharged  in  VAAP  conden- 
sate wastewater,  a highly  skilled  mass  spectrometrlst  is  required  to 
identify  underlying  components  in  major  eluting  chromatographic  peaks. 
At  time  3 , this  can  only  be  achieved  when  the  cot  pounds  being  sought 
are  known. 

One  way  to  alleviate  this  problem  and  to  aid  in  qualitative  and 
quantitative  measurements  is  to  increase  the  resolution  capabilities 
of  the  chromatographic  system.  This  can  be  achieved  through  the  use 
of  glass  capillary  columns. 

Figure  A-l  demonstrates  the  resolution  capabilities  that  this 
system  possesses  on  a synthetic  mixture  of  the  condensate  blend.  An 
actual  VAAP  wastewater  extract  appears  in  Figure  A-2.  In  Figure  A-2, 
3-nitrotoluene  is  resolved  from  the  2 and  4-isomers  and  many  more 
components  appear  that  have  not  been  identified.  The  majority  of  these 
new  components  are  present  in  the  parts-per-billion  (ppb)  range  and 
represent  a very  small  part  of  the  total  mixture. 

The  conditions  under  which  thaee  chromatograms  were  obtained  are 
as  follows: 

• Instrument:  Varlan  Model  2740  Gas  Chromatograph  modified  for 
capillary  gc. 

• Column:  60  meter  SE-30  glass  column  (J  & W Scientific). 

• Temperature:  140  (50  min  hold)  220  at  40  min  (30-min  hold). 

• Split  ratio:  190/1. 

• Flow  rate:  0.58  ml/mln  Na. 

• Detection:  Flame  ionization. 
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